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1.1. INTRODUCTION 
Cytokinins are best defined as substances which stimu-
late cell division and growth of certain tissue cultures 
such as tob_acco pith and soybean when grown on defined 
media containing an auxin. Together with auxins and 
gibberellins, the cytokinins play important roles in the 
regulation of cell division, cell enlargement, differenti-
ation and organogenesis in developing plants. The first 
experimental evidence for the existence of cell division 
factors in plants was provided by Haberlandt (see review by 
Fox, 1969). In 1913 he showed that phloem diffusates 
induced cell division when applied to potato parenchyrna and 
later in 1921 that cell division following wounding could 
be prevented by rinsing the wounded surface and restored by 
application of crushed tissue to the wound surface in 
several plant tissues. In subsequent years the discovery 
and identification of auxin and an examination of its 
physiological properties attracted great attention and the 
growth factors detected by Haberlandt were largely over-
looked. However, the work of Skoog and co-workers and 
particularly the report published by Jablonski and Skoog 
(1954) clearly established that auxin alone could not 
induce cell division. They showed that cell division in 
tobacco pith tissues occurred only when vascular strands 
were attached, or, in the case of severed pith tissues, 
when they were placed in contact with vascular tissues. 
Severed pith tissues in the presence of auxin only, grew 
by cell enlargement and showed no cell division. This work 
was the first real indication of the existence of a cell 
division factor per~ which was required in addition to 
auxin. 
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Subsequent attempts to purify this factor from tobacco 
vascular tissue were unsuccessful. However, the search for 
the factor was continued and resulted in the detection of 
activity in such diverse sources as coconut milk, malt 
extract, yeast extract and autoclaved herring sperm DNA. 
The herring sperm DNA factor was purified and identified 
by Miller and associates (Miller et al., 1955). This 
first cytokinin was shown to be 6-furfurylaminopurine and 
was believed to have been fonned by the molecular rearrange-
ment of deoxyadenosine freed from the DNA during autoclaving 
(Hall and de Ropp, 1955). The trivial name, kinetin, was 
adopted for this compound. 
The discovery of kinetin stimulated much new research. 
Its biochemical and physiological effects were studied 
extensively; numerous analogues were synthesized, some of 
which proved to be highly active; kinetin-like activity 
was demonstrated in a variety of plant extracts. It was 
some years, however, before the first naturally occurring 
cytokinin, zeatin, was isolated. Zeatin and related 
compounds have been shown to occur widely in plants. The 
occurrence, identity, biosynthesis, translocation and 
metabolism of cytokinins will be discussed in this intro-
ductory chapter. Since the experimental part of this 
thesis is not concerned with the mechanism of cytokinin 
action or with effects of cytokinins on growth, these 
aspects are not covered in the present chapter. 
1.2. OCCURRENCE 
Cytokinins are known to occur in nature in the 
3. 
free form (i.e. extractable by solvents such as ethanol) 
and also as bases in tRNA. Free cytokinins have been 
detected in diverse genera of higher plants. Higher plant 
tissueswhich are particularly rich sources of free cyto-
kinins are those undergoing active cell division, notably 
root tips, developing fruit and germinating seed. They 
are also produced by certain bacteria and fungi and are 
secreted by the labial glands of a species of small cater-
pillar. However this discussion is limited to the occurr-
ence of cytokinins in higher plants and in tRNA. 
1.2.1. Occurrence in germinating seed 
The occurrence of free cytokinins in germinating seeds 
has received considerable attention. Extracts prepared 
from germinating seeds of diverse genera have been shown 
to contain cytokinins (see review by Letham, 1967). In 
some species, increases in cytokinin levels in response to 
environmental stimuli have been observed prior to germina-
tion. 
Several studies are concerned with the effect of 
stratification on the level of cytokinin activity in seeds. 
Sugar maple seed kept at 20°C for various periods does not 
germinate when transferred to suitable germination con-
ditions and no cytokinin activity could be detected in them 
(van Staden et al., 1972). However, seed subjected to 
chilling was able to germinate and cytokinin activity was 
4. 
extractable from the stratified seed. The highest level of 
cytokinin activity was found in seed chilled for 20 days 
(van Staden et al., 1972). Surprisingly, no cytokinin was 
detected in the germinated seed. Stratification of dormant 
seed of Protea compacta (embryo dormant) and of Leucadendron 
daphnoides (coat-imposed dormancy) resulted in an increased 
level of butanol extractable cytokinins (Brown and van 
Staden, 1973). In the former seed, these cytokinins appear 
to be either synthesised or released from a bound form; in 
the latter they are probably derived from cytokinins which 
are not extractable by butanol (Brown and van Staden, 1973). 
In contrast, no marked changes were detected in cytokinin 
level during stratification of sycamore seeds; only a 
gradual decline in level was observed (Webb et al., 1973). 
In seeds of Rumex obtusifolius and Lactuca sativa, 
cytokinin levels rise rapidly in response to red light 
prior to germination (van Staden and Wareing, 1972; van 
Staden, 1973). Germination of Spergula arvensis seed is 
promoted by treatment with ethylene and the process appears 
to be under phytochrome control (van Staden et al., 1973). 
The breaking of dormancy in this seed by light and ethylene 
is accompanied by a marked increase in the level of cyto-
kinin activity. This response occurs prior to germination 
(van Staden et al., 1973). When dormant seeds of lettuce 
are allowed to imbibe GA 3 solution in darkness, germination 
is induced and the level of butanol extractable cytokinins 
increases (van Staden, 1973 ). 
Dormancy of Leucadendron daphnoides seed is apparently 
s. 
due to the restricting effect of the seed coat on oxygen 
diffusion to the embryo. High oxygen tensions markedly 
promote germination and cause a large increase in butanol 
extractable cytokinins before germination is detectable 
(van Staden and Brown, 1973; Brown and van Staden, 1975). 
1.2.2. Occurrence in fruit 
Developing fruits of many species have proved to be 
rich sources of cytokinins. Active extracts have been 
obtained from apple, quince, pear, plum, peach and tomato 
fruitlets (see review by Letham, 1967). Bottomley et al. 
(1963) showed that the distribution of cytok inin activity 
within tomato and apple fruitlets paralleled the intensity 
of cell division in the component tissues. The cytokinin 
activities of apple and plum fruitlets have been studied 
in relation to the cell division periods of these fruits 
(Letham, 1963). With apple extracts, activity was greatest 
during the period of intense cell division following 
fertilization, and declined just before the cessation of 
cell division1but in plum fruitlets, highest activity 
occurred at the onset of active cell division. Letham 
and Williams (1969) compared the cytokinin activities of 
extracts of organs developed from the apple fruit bud. 
The activity of apple fruitlet extracts was slightly 
greater than that of pedicel extracts, and considerably 
greater than that of the extracts of other organs. They 
also found that the extract of the developing seed was 
very much more active than all other extracts and suggested 
that it may be a biosynthetic site. In an investigation 
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of the cytokinin content of pea seeds during development, 
Burrows and Carr (1970) observed that the two principal 
maxima in cytokinin content were coincident with the two 
maxima in the growth rate of the whole seed and the embryo. 
In tomato fruits, the level of butanol-extractable 
cytokinins was greatest during the first two weeks following 
anthesis, that is, just before and during the early stages 
of rapid cell division (Abdel-Rahman et al., 1975). Later 
it declined very rapidly and then remained very low. The 
level of nucleotide cytokinins in tomato fruits was also 
very high during the first two weeks of development. It 
then declined rapidly but later increased (Abdel-Rahman et 
al., 1975). The growth and ripening of tomato fruits with 
different levels of endogenous cytokinins has been studied 
(Varga and Bruinsma, 1974). Parthenocarpic fruits showed 
retarded development and a very low cytokinin content. 
With seeded fruits, reduction of foliage increased the 
cytokinin level. 
Cytokinin levels in avocado seed have been studied 
during fruit development (Blumenfeld and Gazit, 1970). The 
cytokinin content of the endosperm is very high throughout 
the period this tissue exists and exceeds that of the seed 
coat and embryo. The level in these tissues is greatest 
two to three weeks after fruit set and then decreases 
markedly. Cytokinin activity was detected in methanol 
extracts of avocado fruit mesocarp only after acid hydroly-
sis (Gazit and Blumenfeld, 1970). These authors suggest 
the extracts contain a bound cytokinin which is liberated 
7. 
by acid. The level of this activity was high in very 
immature fruit but declined markedly as the fruit developed. 
The peak of cytokinin activity in cotton fruits occurs 
from the fourth to the ninth days after anthesis; however 
15 days after anthesis, cytokinin activity was not detected 
seeds 
(Sandstedt, 1971). The cytokinin level in pumpkin~(Cucur-
bita ~) reaches its maximum about 11 day s after pollina-
tion and then decreases rapidly as the seeds develop further 
(Gupta and Maheshwari, 1970). 
In contrast with the above observations, the maximum 
cytokinin activity in developing seeds of Gingko biloba 
occurs prior to fertilization when the gametophyte cells 
are dividing actively (Banerjee, 1968). The activity in 
the gametophyte tissue greatly exceeds that in the nucellus-
integument tissues. 
Several studies of the levels of cytokinin activity in 
developing seeds of monocotyledons have been reported. 
Cytokinin activity in sweet corn (Zea mays) kernels is 
maximal about 11 days after pollination (Miller, 1967). 
Levels of activity are much higher in rice ears at the 
heading and milk stages than at the fully ripe stage 
(Oritani and Yoshida, 1971). The cytokinin level in 
barley caryopses decreases very rapidly after pollination; 
differences in final grain size were positively correlated 
with differences in cytokinin content (Michael and Seiber-
Kelbitsch, 1972). 
1.2.3. Occurrence in xylem and phloem sap 
The early work of Kulaeva (1962), Kende (1964, 1965), 
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Loeffler and van Overbeek (1964) and Nitsch and Nitsch 
(1965) established the presence of cytokinins in xylem sap 
and since then these hormones have been detected in the 
bleeding sap of various genera (see e.g. Carr and Reid, 
1968). After decapitation of sunflower plants, the content 
of cytokinins in the sap was found to remain constant over 
4 days (Kende, 1965); however this result was not in 
accord with the results of Carr and Reid (1968) who observed 
a steady decline in cytokinin content. Zeatin riboside 
appears to be the principal cytokinin in the xylem sap of 
a number of woody plant species (Hewett and Wareing, 1973a; 
Horgan et al., 1973). 
Luckwill and - Whyte (1968) detected increased cytokinin 
levels in apple sap prior to the occurrence of full bloom. 
Cytokinins were not present at detectable levels in the 
xylem sap of Populus x robusta (poplar) in mid-winter; 
however, the content increased rapidly in late winter and 
reached a maximum two weeks prior to bud burst (Hewett and 
Wareing, 1973a). In willow sap, cytokinin levels increased 
abruptly at about the time of flower-bud burst and this 
event took place at least six weeks after the level of 
total solids had increased. A second peak of cytokinin 
activity approximately coincided with leaf bud burst, 
afterwhich the cytokinin level declined rapidly and 
remained very low for the remainder of the season (Hewett 
and Wareing, 1974). The concentration of cytokinins in 
xylem sap of Perilla frutescens rose markedly when the 
plants were exposed to conditions (short days) causing 
9. 
floral induction. Absolute amounts of cytokinins exported 
from the root exhibited a similar trend (Beever and Wool-
house, 1973). The increased cytokinin export from the 
roots associated with flowering in Perilla probably results 
in a higher cytokinin level in the leaves since leaf 
senescence is retarded in florally-induced plants (Beever 
and Woolhouse, 1974). The cytokinin content of the root 
exudate of sunflower plants increases during the exponen-
tial growth phase of the plants but declines very markedly 
at the end of the growth period (Sitton et~-, 1967). 
Decreased cytokinin supply from the roots is probably one 
factor which contributes to shoot senescence. 
The occurrence of cytokinins in phloem sap has now 
been established . Honeydew produced ~Y aphids feeding on 
both flowering and vegetative Xanthium plants contains a 
cytokinin which cochromatographs with zeatin riboside 
(Phillips and Cleland, 1972). Aphids feed primarily on 
phloem sap and the honeydew produced is regarded as 
qualitatively similar to phloem sap. No cytokinin activity 
was detectable in honeydew obtained from aphids feeding on 
a chemically defined diet. Honeydew from aphids feeding 
on flowering plants contains a much higher level of cyto-
kinin than honeydew from vegetative plants (Phillips and 
Cleland, 1972). In the above study, the unlikely possi-
bility that aphids synthesize cytokinin from precursors 
present in the phloem sap was not eliminated. However , 
cytokinins have since been detected in phloem sap obtained 
directly from plants. Cytokinin and also auxin and 
• 
gibberellin were detected in phloem exudate of Ri c i n us 
communis plants (Hall and Baker, 1972). A cytokinin, 
probably zeatin riboside-5'-phosphate, was detected in 
10. 
the phloem sap of the inflorescence stalk of Yucca flaccida 
(Vonk , 19 7 4 ) . 
1.2.4. Occurrence in roots and tubers 
The widespread occurrence of cytokinin activity in 
the xylem sap of plants suggested that the roots produce 
or store cytokinins which are supplied to the aerial parts 
of plants. Weiss and Vaadia (1965) found that extracts of 
sunflower root apices were rich in cytokinin activity, but 
that extracts of older root tissues were inactive. In a 
similar investigation, Short and Torrey (1972) examined 
the occurrence of cytokinin activity in serial segments of 
young seedling roots of pea. They found that the terminal 
0-1.0 mm of root tip contained forty times more free cyto-
kinin on a fresh weight or per cell basis than the next 
1.0-5.0 mm root segment. Acid hydrolysates of the tRNA 
from the root tips also showed cytokinin activity, but 
there was twenty-seven times as much free cytokinin as 
there was bound in tRNA. 
Stimulation of vascular cambial activity in cultured 
radish roots requires exogenous auxin and cytokinin (see 
references in Radin and Loomis, 1971). These workers 
studied changes in cytokinin levels in radish roots during 
maturation and assessed whether such changes could regulate 
cambial activity in radish roots in vivo. The increased 
levels of two cytokinins (possibly zeatin and zeatin 
11. 
riboside-5'-phosphate) were correlated with initiation of 
cambial activity. These two cytokinins both induced 
cambial activity when supplied to roots cultured in vitro 
and are evenly distributed between the xylem and the outer 
regions of the roots. In contrast an unknown cytokinin, 
which does not appear to be associated with cambial activity, 
is localized in the xylem (Radin and Loomis, 1971). In the 
roots of rice plants the cytokinin level was found to 
decline markedly at flowering (Oritani and Yoshida, 1971). 
The cytokinin level rises in potato tuber tissue near 
the end of dormancy. The outer regions of the tubers and 
particularly the regions around the eyes are sites of 
cytokinin accumulation (Engelbrecht and Bielinska-
Czarnecka, 1972). Grating and cutting potato tuber tissue 
causes an increase in butanol-soluble cytokinins and these 
are probably associated with the stimulation of cell 
division caused by wounding (Conrad and Kohn, 1975). 
Budding of sweet potato tubers (Ipomoea batatas) is 
accompanied by a marked rise in the cytokinin level in 
the tubers (Oritani and Yoshida, 1971). 
1.2.5. Occurrence in buds and leaves 
Detailed studies of cytokinin levels in developing 
buds and leaves are confined to species of Populus and 
Acer. Appreciable levels of cytokinin activity were 
detected in resting maple buds (Acer platanoides) by 
Engelbrecht (1971). However, cytokinins could not be 
detected in dormant Populus x robusta buds in midwinter 
(December), but the cytokinin level increased markedly 
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in late February and early March and reached a maximum 
about the time of natural bud burst (Hewett and Wareing, 
1973a). As buds expanded, a transient decrease in cyto-
kinin level occurred. Excised shoots of poplar were also 
forced to bud burst at 20°C under long days and the cyto-
kinin levels in the buds were assessed (Hewett and Wareing, 
1973a). Maximum cytokinin levels were detected about the 
time of bud burst. The cytokinin level of sycamore (Acer 
pseudoplantanoides) buds was at a maximum just prior to 
bud burst (Hewett and Wareing, 1974). 
The occurrence of cytokinins in leaves of Populus 
species and in leaves of monocotyledons is discussed in 
the introductions to chapters 4 and 2 respectively. 
In Xanthium strumarium plants, cytokinins present in 
young, actively growing leaves and in buds are mainly in 
the form of bases and/or ribosides, while in mature leaves 
a high proportion of the cytokinin activity is probably 
due to nucleotides (van Staden and Wareing, 1972a). The 
cytokinin level in rice leaves declined as the leaves 
matured (Oritani and Yoshida, 1971). 
While the level of butanol-extractable cytokinins in 
proximal portions of Streptocarpus molweniensis leaves 
changes little during summer and autumn, the level in 
distal portions changes markedly (van Staden, 1973). The 
cytokinin level in the blade of bean leaf cuttings 
increases very markedly soon after the petioles develop 
roots (Engelbrecht, 1972). 
Changes in cytokinin levels in rose petals have been 
assessed. The level increases as the flower begins to 
open and then decreases to a low level (Mayak et al., 1972). 
The cytokinin content of petals of a short-lived variety 
was less than that of a long-lived variety (Mayak and 
Halevy, 1970). These and other observations implicate 
cytokinins in the regulation of petal senescence. 
1.2.6. Occurrence in tRNA 
13. 
The cytokinins are unique among the phytohorrnones 
because of their occurrence in the bound form in tRNA. 
Cytokinins have now been found in tRNA preparations from a 
wide spectrum of organisms ranging from mycoplasma to man 
(see review: Skoog and Armstrong, 1970). In plants 
soluble RNA (sRNA) from corn seedlings, immature corn 
kernels, wheat germ, frozen spinach, pea shoots and roots 
and tobacco callus tissue has yielded cytokinins. The 
discovery of the exact location of the cytokinin moiety in 
tRNA molecules resulted from the pioneering work of Zachau 
et al. (196 6). They sequenced two species of tRNA from 
brewer's yeast and established that the cytokinin 6-(3-
methylbut-2-enylamino)purine occurred only once in the 
polynucleotide, adjacent to the 3' end of the anticodon in 
both species. This observation seems to apply to all 
cytokinin containing tRNA species that have been sequenced. 
All tRNA species known to contain a cytokinin correspond 
to codons with the initial letter U (Skoog and Armstrong, 
1970; Skoog, 1973). However, cytokinin activity has not 
been found in all tRNA species which translate codons 
with the initial letter U or even consistently in analogous 
tRNA species from different organisms (Skoog and Armstrong, 
1970). Skoog and Armstrong have suggested the possibility 
14. 
that all tRNA species recognizing codons beginning with U 
contain either a cytokinin or a cytokinin derivative. They 
believe that secondary modifications to the cytokinins 
might render them inactive in growth assays or labile in 
the usual preparative methods. 
Initially the discovery of cytokinins in tRNA was 
believed to be the key to the elucidation of their mechan-
ism of action as growth hormones. They definitely play an 
important role in tRNA function probably by promoting 
binding to the mRNA-ribosome complex, and possibly by 
modifying codon recognition (see review by Letham, 1973). 
However it remains uncertain if their occurrence in tRNA 
is related to their mechanism of action. 
1.3. IDENTITY 
The occurrence of cytokinins in nature has been widely 
reported, but chemical identification has been less common. 
Naturally occurring cytokinins that have been isolated in 
a state of complete purity and unequivocally identified 
are listed in Table 1.1 (free cytokinin~ and Table 1.2 
(cytokinins in tRNA). The structural formulae of these 
cytokinins are presented in Fig. 1.1. In 1963, the first 
cytokinin to be isolated in a state of purity was reported 
(Letham, 1963), 1.0 mg being obtained crystalline from 
about 60 kg of sweet corn (Zea mays) kernels. This com-
pound, termed zeatin, was identified as 6-(4-hydroxy-3-
methylbut-trans-2-enyl)aminopurine (I). Soon afterwards 
Letham identified zeatin riboside (II) and zeatin ribo-
side 5'-phosphate (III) from the same source (Letham, 
Table 1.1. 
Free naturally occur ring cytokinins of high activ ity and known structure and the sources from which isolation in a state of 
purity was achieved 
Compound 
6- (4 -Hydroxy-3-methylbut-~-2-enylarnino)purine (zeatin) 
II 6-(4 -Hydroxy-3-methylbut-trans-2-enylarnino)-9-B-D-
ribofuranosylpurine (zeatin riboside) 
III Zeatin ribosid e 5'-monophosphate 
IV 6- (3-Methylbut-2-enlyamino )puri ne (isopentenyladenine) 
V 6- (3- Methylbut-2-enylamino)-9- ~-D-ribofuranosylpurin 
(isopente nylade nosine) 
VI 6- (4-Hydroxy-3 -methy lbutylamino)purine (d1hydrozeat1n ) 
VIJ 2-Hydroxy-6-(4-hydroxy-3 -methylbut-~-2-enylam1no)-
pur 1.ne 
VIII 6- ( 3, 4-Di hydroxy-1-methylbutylamino) purine 
IX 6- (2-Hydroxybe nzylamino)-9- f -D-ribofuranosylpurine 
Source 
Zea mays kernels (i.nunature seed ) (Letham, 1966a ); Rhizopagon 
roseolus culture filtrates (Miller, 1967 ); cotton ovules 
(Shindy ~nd Smith, 1975); unidentified ectendotrophic species 
of mycorrhizal fungus (Crafts and Miller, 1974) 
Zea mays kernels (Letham, 1968: 1973); Rhizopoqon ~ 
(Miller, 1967); cotton ovules (Shindy and Smith, 1975); unid-
entified ectendotrophic species of mycorrhizal fungus (Crafts 
and MillFr, 1974); chicory root (Bui-Dang-Ha and Nitsch, 1970): 
coconut rr1lk (Letham , 1968: 197 4 ): sycamore sap (Horgan~~·, 
1973); ~~crown gall tumor tissue (Miller, 1974, 1975a) 
Zea mays kernels (Letham, 1968, 1973) 
Corynebacterium fascians (Helgeson and Leonard, 1966: Rathbone 
and Hall, 1972): sea water (Pedersen, 1973) : cotton ovules 
(Shindy and Smith, 197 5) 
Tobacco tissue, autonomou s strain (Dyson and Hall, 1972 ): cotton 
ovules (fhind y and Smith, 1q1 5) 
Immature lupin seeds (Kos himizu ~ ~ ·, 1967) : cotton ovules 
(Shi nd y and Smith, 1975). The confiouration of the asymmetr1r 
carbon h,s been establi shed as~ (FUJli and Ogawa, 1972) 
Zea~ kernel s (Letham, 1973) 
Zea may s kernels (Letham, 1973) 
Populus ~ robusta leaves (Horgan et~ . • 1975) 
:.r 
.... 
:d 
Table 1 . 2 . 
Cytokinins of known structu re wh i c h o ccu r i n sRNA and the sou r ce of the sRNA 
Compound 
6- (4 - Hyd r oxyl- 3- me t hylbu t - t rans - 2- enylami no) -9 - B- D-
riaofu r anosylpu r ine (zeat i n r iboside) 
6- ( 3- Methylbut - 2- e ny l ami no) - 9- b- D-r ibofuranosylpu r ine 
( isopen teny l ade nosi ne) 
6- (4- Hydroxy - J - mechylbu t- cis - 2- enylamino) - 9- K- D-
ribofuranosylpur ine (cis - zeatin riboside) 
6- (J - Meth ylbut-2-enylamino ) - 2-methyl t hio-9- ~- D-
ribofuranosylpurine 
6- (4- Hydroxy- 3-methylbu t - 2- e nylamino)-2-me t hylthio-
, - c- D- ribofuranos ylpurine 
Sou r ce 
sRNA from pea s hootsa (Vrema n et~-, 1972) 
s RNA f rom plants , animal tissues , bacte r i a and yeast (see 
refer e nces in Gauss e t al . , 197 1 and Ha l l , 1973) 
s RNA of s we et corn (Hall et al . , 1967), whe at ge rm a nd tobacco 
cal l us tissue (Playtis a nd Leonard , 1971; Dyso n and Hall , 
19 72), pea shootsa (V r cman et al ., 1972), pea r oots (Ba bcock 
a nd Morris , 1970) 
s RNA of wheat germ (Bur r ows e t a l . , 1970), pea shoots (Vreman 
e t al. , 1972) , bacte r ia (Gauss et al., L971; H:ill , 1973) 
sRNA of whea t ger m (Bu r rows e t al ., 1970) , tobacco callus 
(Bur r ows e t a l. , 1971 ). pea shootsb (Vreman et dl ., 1974) and 
Pseudomo nas aeruginosa (Thimmappaya a nd Cherayil , 197 4) 
~~e : ativ e to cis - zeatin riboside , the amoun t of zea t in riboside is s ma ll 
- ·.-.:r :rom pea s RNA was shown to be a mix t ur e o f cis a nd trans isoners 
Fig. 1.1. The structural formulae of naturally occurring 
cytokinins. Refer to Tables 1.1 and 1.2 for 
information regarding chemical name, source 
from which cytokinin was purified, and litera-
ture references. 
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CH 3 
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CH ., 
1966a, b, 1968). Cytokinins with the chromatographic 
and ultraviolet spectral characteristics of zeatin have 
since been purified from such sources as plum fruitlets 
(Letham, 1964, 1966c), immature sunflower fruits (Miller 
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and Witham, 1964), sunflower leaves and root exudate 
(Klambt, 1968) and pumpkin seeds (Gupta and Maheshwari, 
1970), while zeatin and zeatin riboside have been found to 
cochromatograph with the cytokinin activity in numerous 
other plant extracts. 
In all cases where structural formulae of naturally 
occurring cytokinins have been elucidated, mass spectro-
metry has been a key tool. During the work which led to 
the resolution of - the structure of zeatin, the mass spectra 
of zeatin and a series of 6-aminopurines including other 
cytokinins were recorded and rationalised in terms of their 
structures (Shannon and Letham, 1966). The results 
suggested that mass spectrometry would be a valuable asset 
for structural studies of these compounds. In particular, 
ions observed at !!!J~ 135 and 108 were found to be charact-
eristic of 6-aminopurinyl structures and those at.m/..e. 149, 
148, 121, 120 and 119 indicated the presence of 6-alkyl-
aminopurines. A necessary criterion for mass spectrometry 
is that the sample be highly purified. Ignorance or 
neglect of this criterion results in spectra with a high 
background of ion peaks derived from the impurities present 
and consequently interpretation becomes difficult or 
meaningless. 
With one exception, all naturally occurring cytokinins 
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of high activity can be regarded as derivatives of isopen-
tenyladenine; the exception is 6-(~-hydroxybenzylamino)-
9-S-D-ribofuranosylpurine, a compound isolated from mature 
leaves of p_oplar (Horgan et al., 1975). In this tissue it 
appears to occur free together with zeatin and zeatin 
riboside (Hewett and Wareing, 1973). Cytokinins which 
occur free in plants (Table 1.1) differ in some respects 
f rom those which are bound in tRNA (Table 1.2). cis-
Zeatin occurs in sRNA, but unlike zeatin, it has not been 
found to occur in the free form. Cytokinin bases in sRNA 
may contain a 2-methylthio group; again these compounds, 
6-(3-methylbut-2-enylamino)-2-methylthiopurine and 6-(4-
hydroxy-3-methylbut-2-enylamino)-2-methylthio-9- S-D-ribo-
furanosylpurine, have not been detected in the free form 
in plants. The evolutionary significance of the occurrence 
of zeatin and cis-zeatin has been discussed (Kaminek, 
19 7 4) . 
All known cytokinins of high activity are 6-substituted 
purines. Such a statement prompts the question: what 
determines whether or not a particular derivative is 
active? The synthesis and testing of compounds for cyto-
kinin activity, begun with the discovery of kinetin, has 
resulted in the discovery of many new cytokinins and has 
revealed some clear relationships between molecular 
structure and high cytokinin activity of purine derivatives 
(Skoog et al., 1967; Skoog and Armstrong, 1970). A 
detailed review of structure-activity relationships is 
beyond the scope of this chapter; however, the salient 
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points to emerge from these investigations are listed below. 
1. There is a requirement for an intact purine moiety 
with a substituent of moderate size at the 6 position. Mono-
substitution at any other position on the ring does not 
give cytokinin activity. The recent demonstration that 
certain 6-alkylpurines, which lack a 6-amino group, possess 
good cytokinin activity establishes that an intact adenine 
moiety is not essential for high activity; only an intact 
purine ring appears to be essential (Henderson et al., 1975). 
2. Several properties of the side chain at position 6 
are important for high cytokinin activity. In tests with 
6-n-alkylaminopurines in the tobacco bioassay (Skoog et 
al., 1967), cytokinin activity was found to increase with 
increase in chain length to an optimum of five carbon 
atoms. Also, unsaturation of the side chain was found to 
contribute to the high activity of compound IV (Table 1.1) 
and zeatin. Removal of the double bond resulted in a ten-
fold loss of activity in both cases. The location of the 
double bond did not appear critical although a slight loss 
of activity was observed when it was moved from the 2,3 to 
the 3,4 position. However, the 4 position is important in 
the location of the single hydroxyl group, a marked loss 
of activity occurring when it is moved to the 2 or 3 
position in the side chain. Strongly polar substituents 
such as the carboxylic group caused a marked diminution of 
cytokinin activity. Some non-aliphatic side chains have 
also been found to confer a high degree of cytokinin 
activity on the adenine nucleus, the most notable being 
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the furfuryl group of kinetin and the benzyl group of the 
synthetic 6-benzylaminopurine. Overall, the evidence 
indicates that physical properties (dimensions, planarity, 
presence and distribution of polar groups), rather than 
the presence of a specific, chemically reactive group, are 
responsible for the degree of cytokinin activity conferred 
by the side chain on NG-adenine derivatives. 
3. Substitution by alkyl groups at the 1 and 3 posi-
tions of 6-(mono-substituted)arninopurines eliminates 
activity (Skoog et al., 1967). Substitutions at positions 
2, 8 and 9 have a less drastic effect and naturally 
occurring 2-methylthio cytokinins are known (see Table l.2, 
Fig. 1.1.) . 
Inevitably, during the search for other compounds with 
kinetin-like activity, non-purines were tested and some 
were claimed to be active. Shantz and Steward (1955) made 
the first such claim in the case of diphenylurea which 
had effects similar to cytokinin active NG-adenine deri-
vatives in some bioassays. The possibility that diphenyl-
urea might serve as a side chain donor for reaction with 
adenine to form cytokinins has been suggested by Skoog. 
A comparison of almost 500 urea derivatives in several 
bioassays (Bruce and Zwar, 1966) to determine structure/ 
activity relationships has established that some exhibit 
typical cytokinin activity although they are less effective 
than the adenine cytokinins. Other non-purines for which 
weak kinetin-like activity is claimed include the 8-aza 
analogues of kinetin, 6-benzylarninopurine and isopentenyl-
adenine and a diversity of other nitrogen heterocyclics. 
1.4. SITES AND PATHWAYS OF CYTOKININ BIOSYNTHESIS 
1.4.1. Sites of biosynthesis of free cytokinins 
B. 
Numerous observations indicate that root tissues, and 
in particular root apices, are active sites of cytokinin 
production. Firstly, cytokinins are known to occur in 
xylem sap and their level in the sap is reduced markedly 
when the root system is subjected to stress or low tempera-
1973 
tures (Atkin et aL.,() . Flooding is one form of stress which 
markedly reduces the cytokinin level in sap. During 
flooding of sunflower plants, Burrows and Carr (1969) 
observed a correlation between the metabolic activity of 
root apices and the cytokinin content of xylem sap. 
Secondly, the level of extractable cytokinins in root 
apices is very much greater than the level in more proxi-
mal regions of roots (Weiss and Vaadia, 1965; Short and 
Torrey, 1972a). Two cytokinins extracted from the root 
tips of sunflower plants are reported to be chromatograph-
ically identical to the two cytokinins of the xylem sap of 
this species (Kende and Sitton, 1967). Thirdly, these 
workers found the levels of the two cytokinins in sunflower 
root exudate did not decrease appreciably for four days 
after topping of the plants. Fourthly, root formation on 
petioles and treatment of the lamineae with cytokinins 
have very similar effects on the physiology of detached 
leaves (see references in review by Letham, 1967b). 
Fifthly, the level of cytokinins in the petioles of 
detached bean leaves increases greatly immediately after 
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thepetioles develop roots (Engelbrecht, 1972). Although 
cytokinins are not detectable in the leaf blades at or 
before this time, their level in the blades is subsequently 
much greater than that in the petioles plus roots. Sixthly, 
excision of the roots of Avena seedlings markedly reduces 
the growth of the coleoptiles; exogenous cytokinin 
completely restores the coleoptile growth rate in these 
derooted seedlings and stimulates auxin production by 
excised coleoptile tips (Jordan and Skoog, 1971). These 
results suggest that coleoptile growth and auxin production 
in the coleoptile tip depend on the supply of root-produced 
cytokinins. Hence, roots are not only organs of physical 
support and nutrient absorption, but are also responsible 
for supplying cytokinins and other hormones to the shoot. 
The cytokinins present in the xylem sap of plants are most 
likely synthesized in root apices. 
There are many observations which indicate that roots 
are not the only site of cytokinin biosynthesis. Tomato, 
tobacco, pea and bean plants develop fruits even though 
the roots are removed at flowering and the formation of 
adventitious root primordia is prevented by periodic 
excision of the stern bases (Peterson and Fletcher, 1973). 
Tobacco fruits reach maturity on stems without roots and 
produce viable seed. The capacity for fruit and seed 
development under these conditions indicates that develop-
ing fruits and seeds are not completely dependent on roots 
for their supply of cytokinins and other hormones (Peterson 
and Fletcher, 1973). There are probably other sites of 
21. 
cytokinin biosynthesis and from the evidence outlined below, 
one appears to be in the developing seed. The levels of 
cytokinin activity in developing apple (Letham and Williams, 
1969) and avocado seed (Blumenfeld and Gazit, 1970; Gazit 
and Blumenfeld, 1970) are considerably greater than those 
of the receptacles and mesocarp, respectively. Extracts of 
developing apple seed are also much more active than 
extracts of all other parts of the developing apple fruit 
bud (Letham and Williams, 1969). Avocado cotyledon tissue 
derived from seed grows in vitro without exogenous cyto-
kinin and actually produces cytokinins (Blumenfeld and 
Gazit, 1971). Parthenocarpic tomato fruits show retarded 
development and possess low levels of cytokinin compared 
with seeded fruits (Varga and Bruinsma, 1974). Excision 
of the developing seeds from apple fruitlet explants 
renders the growth of the explants in sterile culture more 
dependent on exogenous cytokinins (Letham and Bollard, 
1961). Further evidence that cytokinins are produced by 
seed is provided by experiments in which pea pods excised 
10 days after anthesis were grown in sterile culture on 
media lacking cytokinin (Hahn et al., 1974). The pea 
seeds developed normally and reached full maturity; their 
cytokinin qontent rose dramatically during 18 days in 
culture (<0.01 to 3.3 isopentenyladenine equivalents per 
seed). 
Considered overall, the above results indicate strongly 
that developing seeds are a site of active cytokinin bio-
synthesis. However at least two observations suggest the 
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root may also be a source of cytokinins for developing 
fruit tissue. The cytokinin content of tomato fruits 
increases if the number of fruits per cluster is reduced 
and this increase is greatly enhanced when the foliage is 
reduced by one third (Varga and Bruinsma, 1974); this 
result is consistent with competition between fruits and 
between fruits and leaves for cytokinins derived from 
elsewhere, presumably the root. During flower and fruit 
development in Perilla frutescens, the root system appears 
to provide the shoot with increased amounts of cytokinin 
(Beever and Woolhouse, 1973). 
Germinating seed frequently yields extracts with 
appreciable cytokinin activity. Exogenous cytokinin can 
replace, at least in part, the embryonic axis in promoting 
the development of certain enzyme activities (e.g. amylase, 
protease) in cotyledons (Penner and Ashton, 1967a, b; 
Gepstain and Ilan, 1970; Locker and Ilan, 1975), and hence 
the axis appears to be a site of cytokinin biosynthesis in 
germinating seed. Unlike cytokinins, other hormones are 
unable to replace the stimulus of the embryonic axis. The 
regulation of degradation of storage carbohydrates and 
proteins in cotyledons by cytokinins produced in the axis 
appears to be a general phenomenon (Locker and Ilan, 1975). 
In addition to the root tip, the developing seed and 
the embryonic axis, another possible site of cytokinin 
biosynthesis is the developing bud. Cytokinin levels 
increase in buds of excised poplar twigs, which lack 
roots, at about the time of bud burst (Hewett and Wareing, 
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1973a). Hence, cytokinins of developing poplar buds are 
not derived solely from the root and may be produced within 
the bud itself either by synthesis or by release from bound 
forms. From a comparison of the diffusible cytokinins in 
excised apical buds of· Dahlia variabilis and of cytokinins 
in the xylem exudate of this species, Kannangara and Booth 
(1974) suggested that the apices are probable sites of 
cytokinin biosynthesis. However, the evidence for this is 
inconclusive. Experiments with the inhibitor hadacidin 
(inhibits adenylosuccinate synthetase) indicate that the 
cytokinin required for lateral pea bud development is 
synthesized locally in the bud itself (Kung-Woo Lee et al., 
1974). The hadacidin inhibition does not appear to be 
transported to adjacent buds; the hadacidin inhibits bud 
development and presumably cytokinin biosynthesis when 
applied locally to lateral buds. 
1.4.2. Pathways of biosynthesis of free cytokinins 
There is considerable information concerning the bio-
synthetic origins of cytokinins in tRNA (see below) but 
relatively little is known about the biosynthesis of free 
cytokinins. tRNA itself, represents a potential source, 
but hydrolysis of the tRNA to mononucleotides would 
presumably be necessary to release the cytokinin. Although 
it is uncertain whether significant amounts of cytokinins 
are released from tRNA in living cells, this probably does 
occur in dying, autolysing cells of differentiating 
vascular tissues as suggested by Sheldrake (1973). How-
ever, some evidence points towards the existence of 
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alternative pathways for the biosynthesis of cytokinins. 
Firstly, Short and Torrey (1972) obtained 27 times more 
free cytokinin than could be obtained from tRNA in pea root 
tips. Therefore, unless a very rapid turnover of tRNA 
occurs in meristematic tissue, their results indicate that 
t RNA is not the principal source of free cytokinins (see 
Hall, 1973; cf. Klemen and Klambt, 1974). Secondly, 
lateral bud development in pea seedlings is dependent on 
cytokinin biosynthesis; studies with the inhibitor hadaci-
din indicate that this synthesis goes by a route similar to 
that for AMP and adenine (Kung-Woo Lee et al., 1974). 
Thirdly, if free cytokinins are largely derived from the 
hydrolysis of tRNA, then the compounds X, XI and XII (see 
Table 1.2) which are present in tRNA would be expected to 
occur frequently as free cytokinins; none of these has 
been identified as a free naturally occurring cytokinin. 
Fourthly, there is good evidence that the fungus Rhizopogon 
roseolus synthesizes ~-(purin-6-ylcarbamoyl)-threonine, a 
compound closely related to cytokinins, by a means indep-
endent of its synthesis in tRNA (Laloue and Hall, 1973). 
Fifthly, when callus cells derived from the sporogonium of 
the hybrid moss Funaria hygrometrica x Physcomitrium piri-
forme are supplied with labelled adenine, they produce a 
labelled cytokinin which has the same chromatographic 
properties as isopentenyladenine (IV of Table 1.1); weak 
cytokinin activity can be detected in hydrolysates of sRNA, 
but no radioactive cytokinin can be isolated from the sRNA 
of adenine-labelled callus cells (Beutelmann, 1973). 
The enzyme reactions which yield free cytokinins 
independently of tRNA degradation are unknown. Transfer 
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of an isopentenyl group from isopentenylpyrophosphate to 
adenine or adenosine, a reaction analogous to that which 
yields isopentenyladenosine in tRNA (see 1.4.3.), could be 
envisaged as a likely basic step in cytokinin biosynthesis. 
However, no evidence for its occurrence has been reported. 
Indeed, the inhibition of cytokinin biosynthesis by hada-
c idin, and the inability of adenine to alleviate it, 
suggests that a biosynthetic route involving inosine 5'-
monophosphate may actually be involved (Kung-Woo Lee et al., 
1974) . Labe lled adenine appears to be converted to cyto-
kinins in plant ~ssues, but the percentage yield is very 
low (Miura and Miller, 1969; Beutelmann, 1973; Einset and 
Skoog, 1973). Regrettably, these studies provide no 
information regarding the biosynthetic pathways which are 
independent of tRNA. 
Although the pathway to free isopentenyladenine is not 
clear, isopentenyladenine and isopentenyladenosine are 
precursors of zeatin riboside. Labelled isopentenyladenine 
is converted to zeatin riboside in very high yield by 
Rhizopogon roseolus (Miura and Miller, 1969), while iso-
pentenyladenosine is trans-hydroxylated to yield zeatin 
riboside by both Rhizopogon roseolus and sweet corn endo-
sperm (Miura and Hall, 1973). 
1.4.3. Biosynthesis of cytokinins in tRNA 
In the initial studies concerning bi osynthesis of tRNA 
cytokinins, labelled mevalonate was supplied to certain 
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bacteria and to plant cells. When the mevalonate-requiring 
organisms, Lactobacillus acidophilus and L. plantarum, are 
grown in the presence of [2- 14 C]mevalonate, the tRNA 
becomes labelled. All the radioactivity in the tRNA can be 
a ccounted for in the isopentenyl group of isopentenyladeno-
s ine (Fittler et al., 1968a; Peterkofsky, 1968). Similarly, 
when [2- 14C]mevalonate is supplied to tobacco pith tissue in 
c ulture, the tRNA is labelled and all of this radioactivity 
i s in the isopentenyladenosine of the tRNA (Chen and Hall, 
1 969). However, when the same strain of tobacco pith 
t issue is cultured under different conditions and labelled 
with [2- 14 c]mevalonate, Murai et al. (1975) found that 
a pproximately 40% -of the label incorporated into tRNA was 
present in a ribonucleoside which was chromatographically 
i dentical to cis-zeatin riboside. Hence, like other iso-
prenoid constituents of cells, the isopentenyl group of 
tRNA cytokinins is derived from mevalonate. In vitro 
studies using cell free systems have established that the 
isopentenyl side chain is attached to the adenine moiety 
after completion of the tRNA polynucleotide chain. Treat-
ment of tRNA with permanganate under mild conditions 
cleaves the isopentenyl side chains leaving adenine resi-
dues in place of isopentenyladenine. The resulting tRNA 
serves as a substrate for the attachment of the isopentenyl 
(i.e. 3-methyl-but-2-enyl) group in vitro. Crude enzyme 
preparations from yeast, rat liver and tobacco pith were 
found to catalyse the attachment of the isopentenyl group 
which was derived from labelled mevalonate supplied to the 
27. 
in vitro system (Fittler et al., 1968b; Chen and Hall, 
1969). An enzyme has been purified from yeast which cata-
lyses in vitro the transfer of the isopentenyl group from 
isopentenyl pyrophosphate to receptor adenosine residues 
of homologous, permanganate treated tRNA (Kline et al., 
196 9). The enzyme is specific for the substrate, isopen-
tenyl pyrophosphate (i.e. 3-methyl-but-2-enyl-pyrophos-
phate) . There is good evidence that the isopentenyl groups 
are attached only to those adenosine residues in the tRNA 
from which the isopentenyl side chain has been removed 
(Kline et al., 1969). 
Similar transferase enzymes have been purified from 
E. coli (Bartz et al., 1970; Rosenbaum and Gefter, 1972). 
These enzymes were shown to transfer the isopentenyl (3-
methyl-but-2-enyl) group to naturally occurring species of 
tRNA which are deficient in this substituent. The group 
is most likely transferred to the adenosine adjacent to the 
3' end of the anticodon (Rosenbaum and Gefter, 1972). 
The enzymic synthesis of N-(purin-6-ylcarbamoyl) 
threonine (a base closely related to cytokinins in struc-
ture) in tRNA has also been investigated. An enzyme has 
been purified from E. coli which can synthesize this base 
in tRNA when supplied withL-threonine, bicarbonate, ATP, 
Mg 2+ and tRNA deficient in the base (Elkins and Keller, 
1974). 
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1.5. TRANSLOCATION 
In early studies, little evidence was obtained for the 
movement of exogenous cytokinins away from the site of 
application~ Thus, when kinetin was applied to the surface 
o f leaves (Mathes, 1964) and lateral buds (Sachs and 
Thimann, 1964) its effects were extremely localized. In 
the latter case, a stimulation of lateral bud growth was 
observed only when kinetin was placed directly on the bud. 
Application to the stem or trifid bract, even within 2 mm 
of the bud tip, was without effect. These experiments 
indicated that cytokinins were immobile. Early evidence to 
the contrary was first derived from experiments involving 
t he application of cytokinin to the cut ends of sterns and 
petioles. Osborne and co-workers obtained evidence for the 
movement of BAP with predominantly basipetal polarity in 
petiole segments of Phaseolus vulgaris and observed that 
this movement was enhanced by the auxin indole acetic acid 
(Osborne and Black, 1964; Black and Osborne, 1965; 
Osborne and Mccready, 1965). Lagerstedt and Langston 
(1966) confirmed the results of Osborne and Black (1964), 
although they did find that the polar movement of kinetin 
was dependent upon the age of the tissue and the kinetin 
concentration as well as upon the concentration of !AA. 
Other instances of basipetal cytokinin translocation have 
also been reported. Seth et al. (1966) applied 14 C-kinetin 
to the stumps of decapitated bean plants and found that 
simultaneous application of indole acetic acid (IAA} 
greatly increased basipetal movement of the kinetin. 
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Kinetin also moved with basipetal polarity when applied to 
segments of Zea mays roots, whether or not the root apex was 
present (El Saidi, 1971). Polar transport of labelled 
kinetin also occurred in segments of petioles, hypocotyls 
and roots of radish. Polarity was basipetal in petioles 
and hypocotyls, but acropetal in roots (Radin and Loomis, 
1974). Pieniazek (1964) observed bud break on apple 
seedlings below the point of application of 6-benzylamino-
purine (BAP). 
However, basipetal movement of cytokinins does not 
appear to be a universal phenomenon in plants. Fox and 
Weis (1964) failed to find evidence for polar transport in 
petioles of Phaseolus vulgaris, coleoptiles of Avena sativa, 
epicotyls of Pisum sativum, or petioles of Coleus blumei, 
either in the presence or absence of IAA. Similarly, polar 
movement could not be detected in petioles of Xanthium 
pennsylvanicum (Osborne and Mccready, 1965), stems or 
petioles of Gossypium hirsutum (Lagerstedt and Langston, 
1966), stem sections of Lens (Pilet et al., 1967), meso-
cotyl and coleoptile segments of Zea mays (El Saidi, 1972), 
and sections of Cleome hassleriana stamen filaments, 
gynophores and pedicels (Koevenig, 1973). 
The reported basipetal transport is of doubtful signi-
ficance and has not been shown to occur under physiological 
conditions. The concentrations of cytokinins used in 
experiments in which polar transport has been observed 
(e.g. Black and Osborne, 1965) are approximately 400 times 
greater than optimum levels for callus growth, and the 
30. 
possibility of artifacts being induced by such unphysiolo-
gical levels cannot be excluded. Furthermore, the auxin 
IAA is known to influence cytokinin translocation in 
plants and abnormal auxin levels and hormone balance may 
well exist in the experiments discussed above. 
Using autoradiography, Lagerstedt and Langston (1967) 
confirmed that kinetin was usually immobile when applied to 
detached 
the laminae of~leaves except when applied directly over a 
vein, in which case it moved freely in the vascular system 
to the area distal to the point of application, suggesting 
entry into the transpiration stream. In experiments using 
intact or nearly intact plants, the labelled kinetin was 
transported basipetally in the main vein of the treated 
leaf, but acropetally in the stern of the plant (Lagerstedt 
and Langston, 1967). However, this acropetal movement may 
be simply a consequence of entry into the transpiration 
stream. When labelled BAP was applied to the sterns of 
intact seedlings in a superficial paste (Pilet, 1968) or 
by injection (Guern et al., 1968), the radioactivity moved 
acropetally, and in the latter case a stimulation of growth 
was observed in the axillary buds above the sites of 
application. Lagerstedt and Langston (1967) showed that 
the roots of intact tobacco seedlings readily absorbed [8-
14C]kinetin and 1 4c radioactivity was translocated through-
out the plants. Translocated radioactive compounds were 
extracted from veinal tissue and shown to be active in a 
senescence cytokinin bioassay. Similar, but less decisive 
bioassay results were obtained from agar blocks inserted 
31. 
into a notch cut into the main vein of tobacco leaves 
actively taking up labelled kinetin through their petioles. 
However, in neither experiment was the translocated cyto-
kinin activity shown to be kinetin, itself. Gordon et al. 
(1974) supplied 3 H labelled zeatin to the roots of radish 
seedlings and showed that the hormone was translocated in 
the xylem sap as the riboside. 
Considerable attention has been paid to cytokinin 
translocation in relation to lateral bud development. In 
studies using Cicer arietinum seedlings, Gu ern and Sadorge 
(1967) found that a developing lateral bud can guide the 
translocation of BAP. Thus, in decapitated seedlings with 
a developing axil~ary shoot, injected BAP moved preferen-
tially into the axillary shoot whether the site of injec-
tion on the main stem was above or below the axillary shoot. 
Similar results were obtained by Morris and Winfield (1972) 
when they supplied [8- 14C]kinetin to either the roots or to 
the upper stem of dwarf pea seedlings 24 hours after 
removal of the apical bud. Decapitation resulted in the 
transport of significant amounts of 14c to the axillary 
buds from either point of application. Pretreatment of the 
cut internode surface of decapitated plants with IAA 
(alone or in combination with unlabelled kinetin) inhibited 
the transport of label to the axillary buds, and instead 
the label moved as it did in intact plants, accumulating 
in the stem and apical region. Thus, exogenous auxin 
seems able to mimic the effect of the shoot apex on cyto-
kinin transport. These experiments indicated the transport 
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of label from intact root to shoot but the chemical nature 
of the label was not established. Wooley and Wareing 
(1972:l) have studied the relationships between the develop-
ment of lateral buds and cytokinins in Solanum andigena. 
In this species the lateral buds have the potential to 
develop as stolons or as leafy orthotropic shoots. Lateral 
buds of decapitated plants tended to develop into stolons, 
rather than leafy shoots, if an IAA/GA3 mixture was applied 
to the apical stump. When [ 14 C]BAP was supplied to such 
plants with roots excised, BAP and BAP riboside did accumu-
late to some extent in the tips of the induced stolons, 
but showed an increased accumulation there after removal of 
the IAA/GA 3 mixture from the apex. This increased cyto-
kinin content may be associated with the resulting trans-
formation of the stolon into a leafy shoot. In further 
experiments using rootless, decapitated two-node cuttings 
of Solanum andigena, Wooley and Wareing (1972b) observed 
that application of IAA to the upper cut surface suppresses 
in buds 
the accumulation/of labelled BAP supplied at the base of 
the cutting. By contrast adenine does not stimulate 
lateral bud growth in decapitated cuttings, but radio-
activity from this compound does appear to increase in the 
buds of cuttings treated with IAA. IAA did not appear to 
reduce BAP or BAP-riboside accumulation in lateral buds by 
diverting these cytokinins to the point of IAA application, 
but did promote the formation of an unknown metabolite of 
BAP which occurred in stem tissue (Wooley and Wareing, 
1972b). Thus, auxin is apparently implicated in the 
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regulation of translocation and metabolism of cytokinins. 
Evidence for radial and tangential transport of cyto-
kinins in sterns has also been reported. Bowen and Wareing 
(1969) have demonstrated a bidirectional interchange of 
[ 1 4C]kinetin and [ 14 C]GA 3 (gibberellic acid) between the 
xylem and sieve tube sap of willow sterns (Salix virninalls) 
a nd also detected considerable degradation of the kinetin 
i n cells of the cortex and ray parenchyma. Wareing (1970) 
has also demonstrated tangential movement of kinetin in the 
s ame species. [ 1 4 C]kinetin applied to lateral abrasions on 
horizontal willow stern sections was shown to accumulate in 
buds on the upper surfaces. Similar experiments but invol-
ving the applicat~on of [ 1 4 C]IAA as well as [ 14 C]kinetin 
were carried out by Lepp and Peel (1971). They found that 
I AA moves preferentially into the lower half o f a horizon-
tal stern, kinetin into the upper half. As all the stern 
segments used in these experiments were debudded before 
use, it would seem that the asymmetric [ 14 C]kinetin distri-
bution is not entirely dependent on their presence. In 
another expe riment which examined the radial movement of 
labelled IAA and kinetin from the centre of the xylem to 
the bark, no difference in distribution betwee n the upper 
and lower portions of the stern was detected (Lepp and Peel, 
19 71) • 
1.6. METABOLISM 
The conversion of cytoki n ins into low-molecular-weight 
metabolites and a lso their incorporation into sRNA are 
discussed in this section. Since the expe rime ntal section 
of this thesis is concerned with low molecular weight 
meta bolites of cytokinins , this field is reviewed in detail 
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only to the time at which the experimental work was begun. 
It is appropriate to discuss subsequent work in the 
discussion chapter. 
1.6.1. Metabolism of 6-benzylaminopurine (BAP) 
The first report on cytokinin metabolism was provided 
by Mccalla et al. (1962). They supplied labelled BAP to 
leaf discs of Xanthium pennsylvanicum (cocklebur) and 
f ound that N6 -benzyladenosine was the major metabolite. 
Other metabolites formed were N6 -benzyladenylic, adenylic, 
guanylic and inosinic acids as well as small amounts of 
adenine and guanine. Label was also found in urea and an 
ureide and small amounts of labelled adenylic and guanylic 
acid but no N6-benzyladenylic acid was recovered from leaf 
RNA. Conversion of BAP to its riboside has since been 
detected in other plant tissues (Guern et al., 1968; 
Dyson et al., 1972; Wooley and Wareing, 1972) and further 
evidence of BAP metabolism to its nucleotide has also been 
reported (Bezemer-Sybrandy and Veldstra, 1971; Dyson et 
al., 1972; Doree and Guern, 1973). Mccalla et al. (1962) 
also examined BAP metabolism in leaves of Phaseolus vul-
garis and reported the formation of a single major meta-
bolite, which appeared different to those produced by 
Xanthium leaves. Fox et al. (19 72) detected a very stable 
BAP metabolite in soybean tissue cultures which appeared 
to be active as a cytokinin (Dyso n et al., 1972) and from 
preliminary observations suggested that the compound was 
a phosphate ester. However, this compound was subse-
quently tentatively identified as 6-benzylamino-7-gluco-
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furanosylpurine (Deleuze et al., 1972); these workers have 
also provided evidence for the formation of this metabolite 
in potato tuber slices and intact seedlings of Lupinus 
luteus (Fox et al., 1973). A 6-benzylamino-7-glucosylpurine 
has been identified as a major metabolite in immature 
excised radish cotyledons and de-rooted seedlings (Wilson 
et al., 1974). An analogous metabolite of zeatin has also 
been identified in studies with radish (see 1.6.2.). 
Wilson et al. (1974) also identified a second major meta-
bolite as 6-benzylamino-9-glucosylpurine; in addition 
several minor metabolites were detected one of which was 
6-benzylaminopurine riboside while another ("metabolite C") 
appeared to possess high cytokinin activity. In contrast 
to the above reports of the rapid and extensive metabolism 
of BAP, Letham et al. (1972) found that 6-benzoylamino-
purine (an amide of adenine) was quite stable when supplied 
to excised radish cotyledons and de-rooted seedlings. This 
compound was still the principal source of n-butanol 
extractable radioactivity present in both tissues (71% and 
54%, respectively) many hours after the completion of up-
take and no significant metabolism to BAP ( <0.07%) or BAP 
riboside (<0.20%) was detected. In the same report, the 
high cytokinin activity of the 6-benzoylaminopurine was 
established in several bioassays. 
1 . 6.2. Metabolism of zeatin 
Compared with BAP metabolism studies, the literature 
contains relatively few reports concerning the metabolites 
formed when zeatin is supplied exogenously to plant 
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tissues. Sondheimer and Tzou (1971) supplied [ 14c]zeatin 
to excised bean axes and on extracting the tissue 12 hours 
later detected radioactivity in zeatin, dihydrozeatin and 
their ribosides and 5'-ribotides. When supplied with [ 14c]-
zeatin, dormant and non-dormant embryos of ash (Fraxinus 
americana) have been shown to metabolize the hormone to 
zeatin riboside and the 5'-mono- and probably the di- and 
triphosphates (Tzou et al., 1973). However, dihydrozeatin 
or its derivatives were not detected in these tissues. 
Parker and Letham (1973) supplied [ 3 H]zeatin through 
the transpiration stream to radish seedlings with roots 
excised. Formation of dihydrozeatin was not detected but 
nwnerous other metabolites were formed, including adenine, 
adenosine, AMP, zeatin riboside and zeatin riboside-5'-
monophosphate. However, in labelled seedlings which had 
been left in water for 15 hours, an unknown compound 
(raphanatin) was the dominant metabolite and accounted for 
about 25 % of the total radioactivity extracted. Raphanatin 
was characterized by mass and ultra violet s pectra and has 
been identified as 7-glucosylzeatin. It is an unusual 
compound in the nature of the sugar attac hed to the purine 
ring and also in the site of the glycosidic linkage. It 
is an active and very stable metabolite which was located 
mainly in the cotyledon laminae and may b e a bound or 
storage form of the hormon e . In contrast, labelled nucleo-
tides, the other major metabolites of zeatin, were largely 
confined to the hypocotyls and petioles. Zeatin riboside-
5'-monophosphate was the dominant metabolite in hypocotyls 
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of de-rooted seedlings supplied with zeatin for 0.5-2 
hours. The majority of radioactivity in the xylem sap was 
due to zeatin, but about 10% was present as zeatin ribo-
side; nucleotides accounted for less than 10% of the 
radioactivity and labelled raphanatin was not detected. 
In similar studies, but using intact seedlings, Gordon et 
al. (1974) also identified raphanatin as the dominant 
metabolite of zeatin present in radish roots and cotyledon 
laminae. AMP and zeatin riboside 5'-monophosphate were 
the principal metabolites in hypocotyl extracts whereas 
zeatin riboside was the only significant source of radio-
activity in the xylem sap. 
1.6.3. Incorporation of cytokinins into sRNA 
The possible incorporation of cytokinins into tRNA is 
a controversial issue, but one of considerable interest, 
since such incorporation has been suggested as a mechanism 
of cytokinin action. A number of workers (Hall, 1968; 
Richmond et al., 1970; Bezemer-Sybrandy and Veldstra, 
1971; Elliott and Murray, 1972) have failed to detect 
incorporation of labelled cytokinins into sRNA. Kende and 
Tavares (1968) found that the 9-methyl cytokinin, 6-benzyl-
amino-9-methylpurine, was not incorporated into the sRNA 
of soybean callus tissue. On the other hand, Fox and Chen 
(1967) reported the incorporation of BAP into sRNA, while 
Burrows et al. (1971) identified N6-benzyladenosine in the 
hydrolysate of sRNA isolated from tobacco callus tissue 
grown on BAP. These reports of incorporation have been 
criticised on the basis of the purity of the sRNA prepara-
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tions (Kende, 1971 and references therein; see also Hall, 
19 73) and the demonstrated difficulty of freeing sRNA from 
non-covalently bound BAP and its metabolites (Elliott and 
Murray, 1972). The question of cytokinin incorporation 
i nto sRNA has recently been re-examined critically by 
Walker et al. (1974). These workers grew cytokinin-depen-
dent tobacco callus tissue in the presence of a mixture of 
[8 - 14C]6-benzylaminopurine and [benzene- 3 H]6-benzylamino-
purine and compared the 3 H/ 14c ratio of BAP recovered from 
labelled tRNA preparations with the corresponding ratio in 
the medium. By this means, with suitable controls, the 
incorporation of BAP into the tRNA was shown to involve the 
intact moiety. The level of incorporation was very low -
one molecule per 10,000 tRNA molecules. It is possible 
this is due to incorporation into the -CCA "tail" of tRNA 
which undergoes turnover. Such incorporation is of doubt-
ful significance. Any role incorporated cytokinin might 
have would appear to be other than as a replacement for 
endogenous cytokinins in their known functions as constit-
uents of tRNA. 
1.7. THE PURPOSE OF THE INVESTIGATIONS DETAILED IN THIS 
THESIS 
Studies of metabolism are potentially very useful for 
at least two reasons. Firstly, these studies may provide 
information leading to the identification of the active 
form or forms of cytokinins and hence help to answer the 
question: are compounds such as zeatin and 6-benzylamino-
purine active per se, or are certain metabolites their 
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real functional forms? Secondly, there is evidence that 
bound (or storage?) forms of cytokinins exist in plants 
(see e.g. Gazit and Blumenfeld, 1970; Borkowska and 
Borkowski,. 1975; Borkowska and Rudnicki, 1975). Studies 
of metabolites formed from exogenously supplied cytokinins 
may provide information regarding the identity of these 
weakly active or inactive substances which yield highly 
active cytokinins on hydrolysis. 
The experimental chapters of this thesis discuss the 
metabolism of zeatin in three selected plant species, 
namely Zea mays (chapter 2), Lupinus angustifolius (chapter 
3) and Populus alba (chapter 4). All of these studies are 
concerned with the naturally occurring cytokinin, zeatin. 
However, the author also participated in an investigation 
of a metabolite of 6-benzylaminopurine formed in radish 
(Raphanus sativus) seedlings (metabolite C of Wilson et 
al., 1974). Since this study has already been published 
(Letham et al., 1975) and since the author contributed 
experimentally to only part of the work, namely the initial 
purification steps, the investigation is not presented as 
a chapter. Nevertheless, this publication is relevant to 
the discussion of the results presented in this thesis and 
hence a photocopy is attached as an appendix. 
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2.1. INTRODUCTION 
2.1.1. In the first experimental chapter of this thesis a 
study of cytokinin metabolism in Zea mays is reported. As 
an introduction to this study, it is desirable to consider 
the identity, occurrence and regulatory role of cytokinins 
in the Gramineae. There is considerable information 
regarding the identity of cytokinins in Zea mays kernels 
(see Chapter 1). The kernels are a particularly rich 
source in which the cytokinin level is maximal at about 11 
days after pollination (Miller, 1967). However, the 
identity of cytokinins in other parts of the Zea mays 
plant and in other graminaceous species has not been 
established. Also, there is only limited information 
regarding cytokinin levels in tissues of plants belonging 
to this family. 
The cytokinin activity of the xylem sap of Zea mays 
has been shown to vary markedly with root temperature but 
was maximal at a temperature of 28°C. Xylem sap corres-
ponding to a root temperature of 28°C contained three 
unidentified cytokinins (Atkin, 1973). The first demon-
stration of cytokinins in leaves of a monocotyledon was 
provided by Oritani and Yoshida (1971). These workers 
detected cytokinin activity in the leaves and roots of 
rice plants and found that the levels of cytokinins present 
in both these organs declined markedly with the onset of 
senescence and flowering. Three cytokinins were detected 
in root exudate of rice plants and chromatographic 
characterization suggested that these may be zeatin, 
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zeatin riboside and zeatin nucleotide (Yoshida et al., 1971). 
An unidentified cytokinin was detected in the roots of rice 
plants by Yoshida and Oritani (1972) and they presented 
limited evidence which suggested it may be a glucoside of 
zeatin; the identity of the sugar was not established 
unequivocally and evidence regarding the site of the 
glycosidic linkage was not presented. Cytokinin activity 
in barley caryopses declines very rapidly after pollination; 
differences in final grain size were positively correlated 
with differences in cytokinin content (Michael and Seiler-
Kelbitsch, 1972). Weak cytokinin activity was also detected 
in the etiolated first leaves of barley prior to unrolling 
and this level did not increase following irradiation with 
red light (Carr et al., 1972). Van Onckelen and Verbeek 
(1972) have partially purified a cytokinin from 3-day-old 
barley seedlings. In wheat leaves, the longitudinal 
distribution of cytokinin activity varied considerably 
depending on leaf maturity; cytokinin activity was also 
detected in guttation drops from wheat leaf tips (Wheeler, 
1973). 
In the leaves of the Grarnineae, exogenously supplied 
cytokinins evoke a number of marked physiological responses 
which are not caused by other known phytohormones at 
physiological concentrations. Cytokinins at very low 
concentrations retard the senescence of barley (Kende, 
1965; Carr and Burrows, 1966), oat (Thimann and Sachs, 
1966; Varga and Bruinsma, 1973) and wheat leaves 
(Rothwell and Wright, 1967). Cytokinin bioassays have 
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been based on these responses; the barley leaf assay is 
extremely sensitive and highly specific for cytokinins, 
auxins and gibberellic acid being completely inactive. 
Retardation of senescence of sweet corn leaves by cyto-
kinins has also been reported (Letham, 1967). In senescing 
corn leaves, cytokinins markedly inhibit protein degrada-
tion and this may result in retardation of senescence 
(Tavares and Kende,1970). 
The control of stomatal aperture in graminaceous 
species is another physiological function which has been 
directly associated with the cytokinins. Cytokinins have 
been shown to stimulate stomatal opening in these species 
but not in othe r monocotyledons or in dicotyledons (Luke 
and Freeman, 1968, Cooper et al., 1972). In barley there is 
evidence of an interaction between kinetin and abscisic 
acid to control stomatal aperture (Cooper et al., 1972). 
This influence over stomatal aperture and hence trans-
piration has provided the basis for a further bioassay 
using excised oat leaves which are more sensitive than 
wheat or barley (Luke and Freeman,1967); auxins and 
gibberellic acid were inactive in the assay (Luke and 
Freeman, 1968). Kinetin has been found to cause a rapid 
incre ase in the rate of carbon dioxide assimilation in 
barley l e ave s (Me idner,1967). This response and the 
effect of cytokinins on stomata may be linke d. 
When applied to leaves, cytokinins have the ability 
to dire ct the transport of nutrients and me tabolites; 
these effects are particularly pronounced in leaves of 
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graminaceous species. Thus phosphate, glycine and photo-
synthate moved from the tip of excised oat leaves to 
accumulate at the site of localised kinetin application 
near the base (Gunning and Barkle~ 1963). Other plant 
hormones did not cause an accumulation of these metabolites. 
Basipetal transport of 32 P0 4 towards the natural mobili-
zation centre at the base of corn leaves was accelerated by 
the application of kinetin near the leaf base and the 32 po 4 
accumulated in the treated area (Muller an d Leopold, 1966). 
Kinetin treatment at the leaf tip can suppress the normal 
basipetal flow of 32 P0 4 and when the leaf base is excised 
acropetal transport is induced by kinetin (Muller and 
Leopold, 1966). Dekhuijzen and Staples (1968) have used 
cytokinin directed transport in oat leaves as a qualitative 
bioassay for cytokinins. 
From the above observations, it is evident that basic 
aspects of leaf physiology in graminaceous plants are 
markedly stimulated by cytokinins, but not by auxins or 
gibberellins . Hence in leaves of this family, the cyto-
kinin level is probably low and limiting and changes in 
this level are probably of regulatory significance. Indeed 
hormonal regulation in intact leaves of the Gramineae may 
be largely achieved through changes in the cytokinin level 
caused eithe r by altered rates of biosynthesis or by 
degradation and inactivation of cytokinins. Hence a study 
of cytokinin metabolism in a grarninaceous p lant appeared 
particularly worthwhile and is reported herein. The 
g rowth responses of barley plants and Avena s eedlings to 
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exogenous cytokinins emphasise the importance of cytokinins 
in regulation of development of graminaceous plants (Jordan 
and Skoog, 1971; Ruckenbauer and Kirb~ 1973). 
2.2. EXPERIMENTAL 
2.2.1. Uptake of [ 3H]zeatin by Zea mays seedlings and 
cultured tissue; extraction of tissue 
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[G- 3H]_Zeatin (194 mCi/mmole), prepared according to 
Letham and Young (1971), was obtained from Dr. D.S. Letham. 
The roots of 10-day-old, intact Zea mays seedlings were 
placed in [G- 3H]zeatin solution (8 µM) for 20 hours, after 
which time they were excised, washed with distilled water 
and blotted between filter papers before weighing. The 
excised roots were extracted by immersion in 80 % methanol 
(12 ml/g of tissue) at 65°C. The mixture was held at this 
temperature for five minutes, rapidly cooled to room 
temperature, and -finally homogenized. The extract was 
filtered and the clarified solution evaporated to dryness 
in vacuo at <40°C using a rotary film evaporator. The same 
method was employed for the other extractions mentioned 
below. 
The roots were excised from other seedlings and the 
stem bases were placed in [G- 3H]zeatin solution (8 µM) for 
8 hours and then in distilled water for 14 hours. At the 
end of this time the de-rooted seedlings were extracted 
with 80% methanol. In both of the above experiments, all 
seedlings were continuously exposed to a gentle air current 
under light f rom white fluorescent tubes (about 700 lux), 
Undifferentiated tissue which was derived from Zea mays 
embryos was cultured on an agar medium (se e Gresshoff and 
Doy, 1973). Some of this tissue was then gently shaken for 
17 hours in the culture medium of Miller (1968) which had 
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been modified by the omission of agar, sucrose, auxin and 
kinetin and by the addition of [G- 3H]zeatin (8 µM) . This 
tissue was then washed with distilled water and extracted 
with 80% methanol. 
2. 2.2. Preparation of sap from Zea mays seedlings 
Sixteen Zea mays seedlings were grown for twelve days 
in sand and then deprived of water for 24 hours. They were 
then 'watered' with 100 ml of a 16 µM [G- 3H]zeatin solution. 
After 36 hours, the seedlings were decapitated just above 
the sand level. The exudate which appeared immediately 
after decapitation was collected by blotting with filter 
paper and disca rded. This was done because this exudate 
may have contained a considerable amount of non-sap 
material. The subsequent exudate was collected by absorp-
tion into small wedges of filter paper which were irnmed~ 
iately dropped into 1 ml of 50% methanol. The eluate was 
collected, evaporated to dryness and taken up in 500 µl of 
50% methanol for chromatography . 
At the end of 8 days, the decapitated seedlings had 
regenerated considerable amounts of leaf tissue. In 
preparation for the extraction of the root tissue of these 
seedlings, the supporting sand was washed repeatedly over 
72 hours to remove labelled zeatin. The seedlings were then 
'watered ' regularly with Hoaglands solution over a period 
of 4 days after which the roots were excised from the 
shoots, washed free of sand and extracted. 
2.2.3. Chrom tographic methods 
i) Materials. After evaporation, all extracts were 
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dissolved in 50 % ethanol for chromatography. The papers 
used were Schleicher and Schull 598L for all routine 
chromatography , and Schleicher and Schull 2040B, which had 
been exhaustively washed in 20% redistilled ethanol, for 
the final purification before mass spectrometry of the 
unknown compound Y. Thin layer chromatography (TLC) was 
done on layers of Merck PF 2 54 silica gel (40g slurried 
with 85 ml water) or Serva DEAE cellulose. When borate 
impregnated silica gel layers were required, they were 
prepared by slurrying the silica gel with 0.05 M sodium 
tetraborate. To prepare DEAE cellulose layers, a mixture 
of the cellulose (14g), Woelm green fluorescent indicator 
a nd water (72 mls} were blended at high speed in preparation 
for spreading. Layers for preparative TLC were 1 nun thick; 
all other layers were 0.25 rrun. For column chromatography, 
the Whatman modified floe celluloses DEl (diethylamino-
ethyl) and Pl (cellulose phosphate) were used in the HCo 3 -
and NH 4 + forms, respectively. 
The solvent s used for paper chromatography and TLC 
were (proportions are v/v): 
A: butan-l - ol - 14N ammonia-water (6:1:2, upper phase) 
B: buta n - 1-ol-acetic acid-water (12:3:5) 
C: butan- 1 - ol saturated with water 
I: 2-etho xy ethanol-water (3:1) saturated with sodium 
tetraborate 
J: ethanol-water (2:1) saturated with sodium tetra-
borate 
K: 2-ethoxye thanol-water (3:1) 
L: ethanol-water (2:1) 
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M· methyl ethyl ketone-water-acetic acid (16:4:1). 
ii) Detection and elution of compounds. UV-absorbing 
zones on chromatograms were detected using a short-wave-
length UV lamp. Zones from paper chromatograms required 
for rechromatography were cut out and exhaustively eluted 
with 0.2 N acetic acid. Zones from silica-gel preparative 
TLC were scraped off the plates and eluted twice with 80% 
methanol. Silica gel TLC zones for liquid scintillation 
counting were eluted with 0.2 N acetic acid whereas DEAE-
cellulose TLC zones were eluted in 0.1 N HCl containing 
NaCl ( 0. 4 M) . 
2.2.4. Characterization of chromatographic fraction s 
A considerab.le proportion of the radioactivity on 
paper chromatograms (solvent A) of plant extracts was often 
found at and near the origin, the known loca tion of 
nucleotides. Hydrolysis by alkaline phosphatase (E. coli, 
Sigma type IIIS, 0.30 mg/ml, pH 9-10) for 3 hours at 35°C, 
followed by paper chromatography (solvent A), was used to 
characterize these nucleotides. 
Confirmatory evidence regarding nucleotide identity 
was obtained by degradation to the corresponding base. 
An aqueous solution of the evaporated eluate (50 µl) 
containing sodium periodate (0.5 mg) was left at 35°C for 
12 hours. Cyclohexylamine (10 µl) was then added and the 
mixture was left at 35°C for 3 hours before being chromato-
graphed. Only nucleoside-5'-phosphates were degraded under 
these conditions. This method is an adaptation of the 
procedure of Yu and Zamecnik (1960) for d e grading 
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nucleosides to bases. 
2.2.5. Determination of radioactivity 
Chromatogram zones for counting were eluted in 
scintillation vials either at room temperature overnight or 
at 50°C for 3 hours. The eluates were mixed with 10 volumes 
of scintillant (toluene-Triton X-100, 2:1 v/v, containing 
PPO, 2 g/1 and dimethyl POPOP, 0.2 g/1) and counted in a 
Beckman LS-250 liquid scintillation spectrometer. Levels 
of background radioactivity were determined for each 
chromatogram from blank zones taken from the unlabelled 
margins of the paper or laye r. Vials from chromatograms 
of low activity were counted several times and the mean 
count calculated· for each zone . 
2.2.6. Purification of root metabolite Y 
The roots of Zea mays seedlings which had been in 
zeatin solution (50 µM) for 20 hours were excised from the 
plants, washed with water and extracted with 80% methanol. 
The residue obtained after evaporation of the extract was 
suspended in water (100 ml) and then centrifuged. The 
resulting supernatant was percolated through a column of 
DEAE-cellulose (400 ml, HC0 3- form) which was then washed 
with water (2.5 1). The combined effluents were concen-
trated to 150 ml, adjusted to pH 3.0 with acetic acid, and 
percolated through a column of cellulose phosphate (180 ml, 
NH 4 + form equilibrated to pH 3.0). The column was washed 
with water (500 ml) acidified to pH 3.0 with acetic acid, 
and then eluted with 0.3 N aqueous ammonia (1.3 1). The 
residue obtained by evaporation of the eluate was subjected 
so. 
to two preparative TLC purifications on silica gel. 3H-
labelled metabolite Y eluted from the paper chromatogram 
depicted in Pig, 2 . 1B was co chroma tographed to enable the 
desired zone to be located in each purification. Chromato-
graphy with solvent B yielded a Y-containing zone at Rf 
0.44; this was eluted and the eluate was rechromatographed 
using solvent A. The resulting Y zone (Rf 0.20), which was 
visible under UV light, was eluted and chromatographed on 
exhaustively washed paper using solvent C (Chromatogram 
developed in an atmosphere of anunonia). The zone (Rf 0.43) 
containing Y was eluted with ethanol and rechromatographed 
on paper using the same solvent system to yield purified Y 
(35 µg approximately). This was eluted with ethanol for UV 
and mass spectra and chemical degradation. 
2.2.7. Methods used in structural studies o f Y 
UV spectra were determined with a UNICAM SP.BOO 
spectrophotometer . Mass spectra of underivatized compounds 
were obtained on an AEI MS-902 instrument operated at 70eV. 
Samples for mass spectrometry were dissolved in methanol 
and aliquots evaporated directly onto the solid sample 
probe. 
Mass spectrometry indicated that metabolite Y was a 
zeatin-hexose conjugate and the nature of the hexose moiety 
was examined by chemical degradation. Y (7 µg, based on UV 
data) was dissolved in 100 µl of 0.1 N acetic acid and 12 
mg of Zeokarb 225 (SRC 14, polystyrene sulphonic acid resin 
converted to H+ form with 6 N HCl, washed thoroughly with 
water, heated to 100°C in water, washed again) were added. 
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The suspension was stirred for 15 min. and then heated at 
120°C in an autoclave for 1 hour. The supernatant was 
spotted onto a silica gel thin layer plate and developed in 
solvent L. The plate was dried in a warm air current and 
then placed in an atmosphere of ammonia for a few min. to 
neutralize any remaining traces of acetic acid. Any 
r esidual ammonia in the layer was removed by standing the 
plate in a cold air current for 5 min. after which the 
plate was sprayed with a mixture of glucose oxidase, 
peroxidase and o-dianisidine (see Salton, 1960). A 
pronounced pink-brown spot was observed at the same Rf 
as authentic marker glucose (Rf 0.18). 
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2.3. RESULTS 
2.3.1. Metabolism in de-rooted seedlings 
[G- 3H]Zeatin was supplied for 8 hours to the base of 
de-rooted ~eedlings which were then transferred to water 
and left overnight before extraction. A paper chromatogram 
(solvent A) of the seedling extract exhibited two prominent 
peaks of radioactivity which were centred at Rf values of 
0.01 and 0.43 (Fig. 2.lA). An alkaline phosphatase hydroly-
sate prepared from the eluate of the zone at Rf 0.01 (the 
known location of nucleotides) was chromatographed on paper 
using solvent A. Two peaks of radioactivity were present on 
the resulting chromatogram; one was located near the 
origin and contained 58% of the eluted radioactivity while 
the other coincided with cochromatographed adenosine and 
represented 36% of the eluted radioactivity. TLC on silica 
gel (solvent A) with cochromatographed adenosine confirmed 
that the radioactivity of the latter zone was due to 
adenosine. Labelled zeatin riboside was not detected in 
the enzyme hydrolysate. When the eluate of the labelled 
zone near the origin in Fig. 2.lA was treated sequentially 
with periodate and cyclohexylamine (a procedure which 
degrades ribonucleoside-5'-phosphates to bases), 32% of 
the radioactivity cochromatographed with adenine (silica 
gel TLC, solvent A). 
TLC on DEAE-cellulose and silica gel (solvents C and 
A respectively) established that the zone of radioactivity 
at Rf 0.43 (Fig. 2.lA) was largely due to adenine and 
adenosine; the two compounds made nearly equal 
1--
Fig. 2.lA-C. Histograms defining the distribution of 
radioactivity over paper chromatograms 
(solvent A) of extracts of de-rooted Zea 
mays seedlings (A), z. mays roots (B) and 
cultured embryonic tissue of Z. mays (C ). 
[G- 3 H)Zeatin was supplied to each tissue 
at a concentration of 8 µM. The location 
of cochromatographed adenosine (Ad) is 
indicated on each figure; the location of 
metabolite Y is shown in B. R dioactivity 
is expressed as a percentage of the total 
recovered from the chromatogram. 
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contributions. However 7-glucosylzeatin (Parker and Letham, 
1973) appeared to occur as a minor metabolite in this region 
of the chromatogram. When the zone of Rf 0.43 and the 
region of _slightly higher Rf were eluted together (total 
area eluted Rf 0.35-0.51), the eluate contained a minor 
metabolite which accounted for 16% of the eluted radio-
activity. This chromatographed just below adenosine when 
the eluate was subjected to TLC on silica gel in solvent A 
(Fig. 2.2). This minor metabolite could be distinguished 
from 9-glucosylzeatin (a Zea mays root metabolite of 
zeatin, see 2.3.4.) by two dimensional TLC on silica gel 
(solvent A followed by solvent B, plate developed twice in 
each direction);" however the minor metabolite and 
raphanatin (7-glucosylzeatin) could not be differentiated 
by TLC. Hence it was tentatively identified as 7-glucosyl-
zeatin. 
The above findings indicated that the principal zeatin 
metabolites in the de-rooted seedlings were adenine, adeno-
sine, adenosine-5'-phosphate, and unidentified compounds 
(Rf 0.01 in solvent A) which did not change in Rf when 
treated with E. coli alkaline phosphatase. Unidentified 
zeatin metabolites with the same chromatographic properties 
have been detected previously in radish seedlings (Parker 
and Letham, 1973; Gordon et al., 1974). 
2.3.2. Metabolism in roots of intact seedlings 
The metabolism of zeatin by the roots of intact Zea 
mays seedlings was also investigated. The distribution of 
radioactivity over a paper chromatogram (solvent A) of 
;--
Fig. 2.2. Histogram defining the distribution of radio-
activity over a silica-gel thin-layer chromato-
gram (solvent A) of eluate of the region Rf 
0.35-0.51 on the paper chromatogram of Fig.2. lA . 
Cochromatographed marker compounds were adenine 
(1) and adenosine (2). The radioactivity 
probably due to 7- glucosylzeatin is denoted by 
the arrow and br acket. 
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root extract exhibited 4 peaks Wig. 2,lB). By phosphatase 
hydrolysis, periodate oxidation followed by cyclohexylamine 
treatment, and by paper and thin layer chromatography of 
the degradation products, the peak of radioactivity near 
the origin (Rf 0.01) was shown to be due principally to 
adenosine-5'-phosphate (35%), zeatin riboside-5'-phosphate 
(33%), and unidentified compounds (17%) which did not 
change in Rf on paper (solvent A) when treate d with phos-
phatase. 
TLC on silica gel and DEAE-cellulose (solvents A and 
C respectively) showed that the peak at Rf 0.38 (Fig2.1B), 
which was nearly coincident with cochromatographed adeno-
sine, was due mainly to adenine (43%) and adenosine (36%) . 
However, chromatographic studies indicated that about 10% 
of the radioactivity in the peak was due to raphanatin. 
TLC indicated that the peak of radioactivity with an Rf 
value (0.49) slightly greater than that of adenosine was 
largely due to a single metabolite which was not a common 
purine derivative. Although the Rf on paper in solvent A 
resembled tha t of raphanatin (see Parker and Letham, 1973), 
two dimensional TLC on silica gel (solvent A followed by 
solvent B) established that the metabolite and raphanatin 
were not identical; the unknown compound possessed an Rf 
slightly greater than that of raphanatin in this system. 
Then w metabolite was termed compound Y and its purifi-
cation and characterization are discussed below. 
TLC of the eluate of the labelled zone at Rf 0 .81 
(Fig. 2.1B)showed that the radioactivity was due princ ipally 
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to zeatin while zeatin riboside accounted for about 10% of 
the radioactivity. 
Hence, the roots of Zea mays plants metabolized zeatin 
to adenosine-5'-phosphate, zeatin riboside-5'-phosphate, 
unidentified compounds of Rf 0.01 on paper in solvent A, 
adenine, adenosine, zeatin riboside, raphanatin (a very 
minor metabolite) and the new metabolite, compound Y. 
2.3.3. Metabolites present in the sap and roots of 
decapitated Zea mays seedlings 
Seedlings which had been 'watered' with a[G- 3H]zeatin 
solution (16 µM) were left for 36 hours, decapitated and 
the sap exudate collected. A paper chromatogram (solvent 
A) of the exudate exhibited two peaks of radioactivity, 
one of which cochromatographed with marker adenosine. 
The other was located at a higher Rf in a region where 
zeatin and zeatin riboside are known to occur. The adeno-
sine peak accounted for about 7% of the eluted radio-
activity and the other for approximately 70 %. The 
composition of the large peak of radioactivity was further 
investigated by TLC. On silica gel (solvent A) all of the 
radioactivity was found to cochromatograph with authentic 
marker zeatin. This result was confirmed in a two-
dimensional silica gel TLC system (solvent A followed by 
solvent B). Thus, zeatin supplied to the roots of Zea 
seedlings appears to be translocated largely unaltered in 
the sap. 
The metabolites present in the root extract prepared 
from these seedlings (see 2.2.2.) were examined. Assess-
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ment of the distribution of radioactivity over a paper 
chromatogram (solvent A) of the extract showed a single 
peak at the origin and a broad zone of radioactivity (Rf 
0.30-0.45) . in the region of cochromatographed adenosine. 
Separate eluates were prepared from the origin zone, the 
adenosine zone, and the region in front of the adenosine 
zone up to Rf 0.45. Treatment of the origin zone eluate 
with alkaline phosphatase caused only 5 % of the radio-
activity to cha nge in Rf when rechromatogr aphed in solvent 
A. This radioactivity cochromatographed with marker 
adenosine. These results are in sharp contrast to those 
obtained for the same zone from the root extract of intact 
seedlings (see2.J.2 .). In that zone, only 17 % of the radio-
activity was not changed in Rf by phosphatase hydrolysis. 
TLC studies of the other two eluates gave results in 
agreement with those obtained from the intact seedlings. 
Thus, the adenosine zone was found to contain approximately 
equal amounts of radioactivity which cochromatographed with 
marker adenine and adenosine (solvent B) and the higher Rf 
zone contained essentially only one labelle d component 
which was chromatographically similar to the metabolite Y. 
2.3.4. Metabol ism in a culture of embryoni c tissue 
Labelled zeatin was also supplied to embryonic Zea 
mays tissue cultured in vitro. The distribution of radio-
activity over a paper chromatogram of the tissue extract 
(Fig . 2.lC) resembled the profile for the root-extract 
chromatogram. The radioactive zone with an Rf slightly 
greater than that of adenosine was eluted. TLC of the 
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eluate indicated the radioactivity was largely due to 
compound Y. The identity of the metabolites in the other 
zones was not investigated. 
2.3.5. Properties and identity of metabolite Y 
Metabolite Y was purified by the procedure described 
in Methods. The compound was characterized by mass spec-
trum (Fig . 2. 3) and by UV spectra (Table2.l). The mass 
spectrum closely resembled that of raphanatin (Parker and 
Letham, 1973) but the two spectra did show significant 
differences in peak intensity, notably in the intensity of 
the peak at m/e 248. The mass spectrum of Y exhibited a 
molecular ion peak at m/e 381.1644 (calculated for 
C 1 6 H23 N5 0 6 :381.1648) and indicated that Y was a zeatin-
hexose sugar conjugate. Below m/e 220, the mass spectrum 
resembled that of zeatin; the principle peaks in this m/e 
range in the spectrum of zeatin have been interpreted 
previously in terms of ion reactions and structure (Shannon 
and Letham , 1966). Most of the peaks above m/e 220 
(Fig. 2. 3 ) can also be assigned to particular f ragment ions. 
If Mand B r e present the molecular ion of Y and the purine 
moiety respe~tively, the following structural assignments 
can be made: 
m/e 364 M+-OH 
m/e 361 + M -(H 20 + 2H) (structure I) 
m/e 350 + M -CH 20H (lost from the zeatin side chain) 
m/e 322 structure II 
m/e 298 protonatErl 9-glucosyladenine fragment i on 
m/e 248 B + C+HOH (an ion also prominent in the 
Fig. 2.3. Mass spectrum of metabolite Y taken with an 
AEI MS902 mass spectrometer. 
100 r 
136 
90 I- I 
80 1--
70 ... 
UJ I 60 ~ 120 l II 160 
=:) 
~ 50 1 II II I 148 
UJ L 108 ~ 40 
f-
<( 
~ 30 t 
20 I I 
10 
0 
100 120 140 160 
202 
18 8 
I 1111 
I 
180 200 
21 9 
220 
PJ 
::; 
248 
I 
240 
m / e 
36 4 
350 
I 
I I I 381 I 
260 280 300 320 340 360 380 
Table 2.1 
Spectral characteristics of metabolite Y and 9- B-D 
ribofuranosylzeatin 
Solvent Metabolite Y 9- S-D-ribofuranosil-
zeatin 
>. max >. min >. max >. min (nm) (nm) (nm) (nm) 
ethanol 267 232 269 232 
0.25 N ethanolic NH 40H 267 233 269 232 
0.1 N acetic ac id 265 232 265.5 232 
s pectra of nucleosides , often termed "B+JO"ion) 
I 
Glucopyranose 
][ 
+. 
/CH 3 
CH-CH =C 
I 2 ' 
NH CH 20H 
~ 
I 
Glucopyranose 
II 
I 
Glucopy ranose 
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The UV spec~ra for compound Y differed considerably 
from those for raphanatin and the spectral characteristics 
of Y when compared with those recorded for disubstituted 
adenines (Leonard et al., 1965), indicated that the sugar 
moiety was at position 9. Strong confirmation of this was 
provided by the close agreement between the values for Y 
and 9- 8-D-ribofuranosylzeatin shown in Table 2.1. Hydrolysis 
of Yin aqueous solution by heating with a polystyrene 
sulphonic acid resin (H+ form) released a sugar which was 
identified as glucose after TLC using the specific enzyme 
gluco se oxidase. Hence Y was shown to be 9-glucosylzeatin. 
To establish the structure of the sugar moiety, 9- e-
D-glucopyranosylzeatin and 9- 8-D-glucofuranosylzeatin were 
synth sised by unambiguous methods by Drs. D.E. Cowley and 
J,K. MacLeod (Research School of Chemistry, A.N.U.) for 
comparison with the metabolite Y. TLC studies clearly 
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demonstrated that Y differed from 9-8-D-glucofuranosyl-
zeatin. However, Y and 9- 8-D-glucopyranosyl zeatin exhibited 
identical chromatographic behaviour (see Table2.2). Compar-
ison of the Rf data for solvents Land J and also fo r Kand 
I (Table2. 2)indicates that borate enhances the separation 
of the furanoside from the pyranoside. Metabolite y and 
9-s-D-glucopyranosylzeatin were also ind istinguishable by 
TLC on polyamide and DEAE cellulose. In addition, the UV 
and mass spectra of the two compound s were identical and 
therefore Y was identified as 9-glucopyrano sylz e atin with 
a probable 8 configuration for the anomeric linkage 
(structure III) . 
2.3.6. Comparison of the metabolites formed from zeatin 
and 6-ben~laminopurine in derooted seedlings of 
Zea mays 
Two identical sets of 12-day-old, derooted seedlings 
were selected; one set was supplied with a 10 µM solution 
of [G- 3 H]zeatin and the other with a 10 µM solution of the 
synthetic c ytokinin [G- 3 H) 6-benzylaminopurine (BAP; 
specific activity 19.0 mCi/mmo le). The two sets of 
seedlings were allowed to take up the hormone containing 
solutions for 70 hours and then extracted. The experimen-
tal conditions nd ex t raction methods used have been 
described previously (see 2.2.1.). Aliquots of the two 
extracts wer subjected to silica gel TLC (solvent A) and 
the dis tribution of radioactivity over each chromatogr am 
was assessed . Adenosine and zeatin or BAP were cochromato-
graphed with the extracts to serve as UV visible markers. 
Table 2.2 
TLC comparison of metabolite Y with two zeatin derivatives 
TLC system 
Silica gel - solvent 
A 
Borate impregnated 
silica gel - sol-
vent I 
Borate impregnated 
silica gel - sol-
vent J 
DEAE cellulose 
sprayed with 0.05 
M borate - sol-
vent I 
Silic gel -
solvent L 
Silica gel -
solvent K 
y 
0.16 
0.53 
0.55 
0.55 
0.68 
-
Rf values 
9- 8-D-gluco-
furanosyl-
zeatin 
0.26 
0.35 
0.33 
0.46 
0.71 
0.70 
9- 8-D-gluco-
pyranosyl-
zeatin 
0.16 
0.53 
0.56 
0.55 
0.68 
0.67 
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The histograms of Fig.2.4A,B indicate definite differences 
in the metabolism of zeatin and BAP by the corn seedlings. 
Approximately 30% of the eluted radioactivity from the 
chromatogram of the extract of seedlings supplied with BAP 
cochromatographed with authentic BAP whereas on the other 
chromatogram less than 4% of the eluted radioactivity co-
chromatographed with authentic zeatin. A more detailed 
examinati on of the identities of the metabolites present in 
each extract was undertaken using two-dimensional TLC on 
silica gel (solvent A, solvent B). This procedure further 
emphasised the differences in metabolism of the two cyto-
kinins by the corn seedlings. Adenine and adenosine were 
cochromatographed with each extract together with the 
parent cytokinins and their derivatives as indicated in 
Table 2. 3 . In this table, radioactivity cochromatographing 
with each marker is listed and that eluted from the 
remainder of the chromatogram is termed unidentified radio-
activity. The data relating to the nucl e otide metabolites 
were obtained from TLC on DEAE cellulose layers (solvent: 
methanol-water, 1:1 v/v), a chromatographic system in 
which nucleotides are known to exhibit very low mobilities. 
These dat w r confirmed in studies using the enzyme 
alkaline phosphatase. 
Thus, although similar amounts of the cytokinins 
(0.16 and 0. 21 µmoles of zeatin and BAP, respectively) 
were taken up by each set of seedlings, those supplied 
with zeatin metabolised a much greater proportion of the 
cytokinin. The major zeatin metabolites identified by 
1--
Fig. 2.4A,B. Histograms showing the distribution of radi o-
activity after silica gel TLC (solvent A) o f 
crude extracts of de-rooted Zea mays seed-
lings which had been supplied with 3 H 
labelled BAP (A) and zeatin (B) under ideR-
tical conditions. The barred lines indicate 
the location of the cochromatographed markers 
adenosine (Ados), 6-benzylaminopurine (BAP) 
and zeatin (Z). 
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Table 2.3 
TLC comparison of zeatin and BAP metabolit~s 
Purine 
derivative 
parent cytokinin 
7-glucoside 
9-glucoside 
riboside 
nucleotides 
adenosine 
adenine 
Amount of parent cytokinin or metabolite 
and their% contribution to total eluted 
radioactivity 
Seedlings fed [ 3H]- Seedlings fed [ 3 H] -
zeatin BAP 
µmoles X µmo les X 
10- 3/g. 10- 3 /g . 
fresh wt. % cpm fresh wt. % cpm 
0.174 2.3 3.208 26.8 
0.841 11. 0 0.017 0.3 
0.123 1. 6 1. 834 15.3 
0.022 0.3 0.270 2.5 
1. 004 13.3 -* 4.0 
1.112 14.7 -* 3.7 
1. 001 13.2 -* 1. 9 
unidentifi d radioac.tivity 43.6 45.5 
*Although the [ 3 H]zeatin was generally labelled , about 95% 
of the radioactivity was in the purine ring. Hence, it 
was possible to calculate the amount of all the zeatin 
metabolites as µmoles/g of tissue . Howev er , since an 
unknown proportion of the radioactivity in ( 3 H]BAP was 
in the ben zy l side chain , this calculation could be 
applied only to BAP metabolites containing an intact BAP 
moiety. 
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chromatography were zeatin 7-glucoside, nucleotides, 
adenine and adenosine which were formed in very similar 
amounts. BAP-9-glucoside was by far the major identified 
metabolite of BAP, degradation to adenine and adenosine 
being relatively minor. 
2.4.1. Summary 
[ 3 H]Zeatin was supplied to Zea mays L. seedlings with 
roots excised; the metabolites identified were adenosine-
5'-phosphate, adenosine, adenine and 7-glucosylzeatin (a 
minor metabolite). The principal metabolites formed from 
zeatin by the roots of intact Zea mays seedlings were 
adenosine-5'-phosphate, zeatin riboside-5'-phosphate, 
zeatin riboside,- adenine, adenosine and an unknown com-
pound termed Y. This was isolated and identified as 9- S-
D-glucopyranosylzeatin with a probable s -conf iguration for 
the glycosidic linkage. This glucoside also appeared to 
form from zeatin in cultured embryonic tissue of Zea mays. 
Also, comparative studies of the metabolism of zeatin and 
6-benzylaminopurine (BAP) in de-rooted seedlings are 
reported. The results presented indicate that BAP is 
considerably more stable than zeatin and much less suscep-
tible to degradation to adenine and adenosine. 
62. 
3.1. INTRODUCTION 
3.1 . 1. The leaves of blue lupin s eedlings show sequential 
abscission and senescence . The lupin leaf consists of 
three regions, namely, the petiole, the leaflets and the 
intermediate region which has been termed the pulvinar 
region. On the intact plant, each leaflet abscises indep-
endently at an abscission zone within its pulvinus . Much 
l ater the petiole also abscises (Carr and Burrows , 1967) . 
Kinetin applied to the pulvinar region of detached 
l upin leav s delays leaflet abscission (Burrows and Carr, 
1967). Uptake of kinetin in the transpiration stream of 
de tache d leaves delays abscission both in these leaves and 
in pulvin r xplants derived from them. This suggests that 
k ine tin supplied through ci1e transpiration s tre am reaches 
t he pulvin r r egion and as a consequence r e tards abscission 
(Burrows and Carr, 1967). If endogenous cytokinins exert 
a similar r egulatory role in the intact l ea f, abscission 
may be associ ted with a decline in the capacity of the 
leaf to derive cytokinins from ci1e xylem sap. Alter-
natively , the leaf may develop an enhanced ability to 
inactivate cytokinins or to antagonize the ir activity as 
absci ss i on-de laying agents . 
Clea rly the ove work could be extended by inve sti-
gations of t he translocation and metabolism of labelled , 
natura l cy tokin ins, such as zeatin, in lupin s eedlings . 
Such studie s would also be relevant in relation to the 
phenomenon of sequential 1 af senescence which is observed 
in lupin. Howev r , before translocation studies would be 
worthwhile , cons ide rable knowledge of the metabolism of 
zeatin i n lup in seedlings would be require d. In this 
chapter , a study is reported of the metaboli tes formed 
from zeatin _in s eedlings of Lupinus angustifolius . 
bJ. 
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3.2. EXPERIMENTAL 
3.2.1. Uptake of [ 3 H]zeatin by lupin seedlings and tissue 
extraction 
[G- 3 H]Zeatin (see 2.2.1.) at a concentration of 10 µM 
was mixed with unlabelled zeatin (Calbiochem) to give a 
100 µM aqueous solution of the phytohormone. The stems of 
9-day-old de-rooted lupin seedlings (Lupinus angustifolius 
cv . . New Zealand blue) were placed in this solution and 
left for 21 hours in continuous fluorescent light and a 
gentle air current. 
Sections of the seedlings were then extracted with 80% 
methanol as described previously (see 2.2.1.). The evapor-
ated extracts were dissolved in 50% ethanol (0.6 gm fresh 
wt. tissue / 1. 0 ml) for chromatography. 
3.2.2. Preparation of sap extract from lupin seedlings 
Lupin seedlings were grown for 17 days in sand and 
then deprived of water for 48 hours. They we re then 
'watered' with 100 mls of 2 rnM phosphate buffer (pH 6.0) 
which contained [G- 3H]zeatin at a concentration of 12 µM . 
The seedlings were decapitated mid-way between the sand 
and the cotyledons after 9 hours. The exudate which 
appeared soon after decapitation was collected on filter 
paper and discarded because it probably contained material 
derived from ruptured cells. The droplets of sap which 
subsequently formed were collected over 4 days on small 
filter paper wedges. The filter paper was placed in 50% 
methanol fter each collection. The combined eluates were 
evaporated and taken up in 200 µl of 50 % methanol for 
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chromatography. This procedure was repeated with a second 
batch of seedlings using a solution which was 35 µM with 
respect to labelled zeatin. 
The second batch of seedlings were left for 24 hours 
after completion of the sap collection and then removed 
from the sand and washed several times in distilled water. 
The stems were excised from each seedling and the root 
t issue was e x tracted in 80% methanol as previously described 
(2.2 .1.). The extract was evaporated to dryness and taken 
up in 50% e thanol for chromatography. 
3.2 .3. Chromatographic and electrophoretic methods 
(i) Chromatography . Chromatographic materials which 
have not been described previously (see 2.2.3.) are detailed 
below. Additional TLC layers used were CAMAG silica gel 
and SERVA cellulose (both 0.25 rrun thick). Apart from the 
addition of Woe l m green fluorescent indicator (0.4% by wt.), 
the CAMAG layers were prepared in the usual way. The CAMAG 
layer was used in preference to MERCK PF 25 4 be cause it gave 
an improved separation of zeatin from dihydrozeatin and of 
zeatin riboside from dihydrozeatin riboside when developed 
in solvent H. In initial attempts to separate these 
cytokinins , numerous solvents were teste d, but ethyl acetate-
ethanol (9:1, v/v) was the only solvent system which 
suggested the po s sibility of a separation. M ny similar 
solvents we r e th e n tested and the best sep ration was 
obtained with methyl acetate-ethanol (9:1 v /v). The 
separation was further improved and stre aking suppressed 
by the addition of the water scavenger, 2,2 dimethoxypro-
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pane, and a f w drops of formic acid. Data on the mobilities 
of zeatin and related compounds in this solvent and also in 
solvent G is provided in Table3.l. The cellulose layers were 
pre pared by blending SERVA cellulose (19 g) and Woelm green 
fluorescent indicator (150 mg) with water (100 ml) at high 
speed in a War ing blender. This procedure was necessary in 
order to disperse the indicator evenly throughout the layer. 
Solvent systems used in addition to those already 
de tailed (2.2.3.) were (proportions v/v) : 
D. water-saturated ~-butanol , atmosphere of anunonia 
E. methyl ethyl ketone-acetic acid-water (8 :2:4) 
F. water-saturated ~-butanol , saturated with Na 2 B4 0 7 
G. chloroforcm-methanol (9:1) 
H. methyl acetate-ethanol-2,2-dimethoxypropane 
(90: 1 0:1) with 5 drops of formic acid per 100 ml . 
The formic acid and dimethoxypropane were added to 
the tank inunediately before us e . 
(ii) El ctrophoresis. All high voltage electrophoresis 
(HVE ) was carried out on an apparatus manufactured by Paton 
Industries, Ade laide, and Whatman 3 MM paper was used. 
Marker compounds, appropriate for the pH conditions, were 
spotted onto each electrophoretogram to assess endosmosis 
and relative mobility . The buffer systems used were: 
A. 0.0 25 M phosphate at pH 10.2 
B. 0.025 M phosphate at pH 9.2 
C . 0.025 M phosphate at pH 7.05 
D. 0.02 5 M phosphate at pH 6.0 
E. 0.025 M triethylamine brought to pH 10.0 with 
Table 3 .1. 
Chromatographic characteristics of zeat in and related 
compounds on silica gel TLC. The values l i sted are the 
distances travelled (ems) after double development. The 
distance between the origin and the front was 16.0 ems; 
CAMAG silica gel was used. 
Compound Solvent G* Solvent H 
zeatin 5.7 5.2 
cis- zeatin 6.9 5.5 
dihydroze atin 5.5 4.2 
zeatin ribos i de 4.2 6.8 
cis-zeatin riboside 5.0 7.0 
dihydrozeatin r iboside 4. 3 6.0 
*The s e d i stances were derived from a two-d imensional 
chromatogram developed with solvent Hin the first 
dimension. The layer had been pre-washed i n solvent A 
and drie d before us e. 
(i / • 
c tic acid 
F. 0.025 M borate at pH 9.2 
G. 0.05 M bicarbonate at pH 10.0 
H. 0.05 M formate at pH 3.15 
All electrophoretograms were run at a potential of 40 volts/ 
cm. 
3.2.4. Characterization of chromatographic fractions and 
purified metabolites 
(i) Degradative methods. Phosphatase hydrolysis and 
periodate oxidation procedures, as described in 2.2.4., 
were used in studies of eluates from potential nucleotide 
regions of paper chromatograms. 
Enzymic studies of the nature of the anomeric linkage 
of the purified zone 3 metabolite, L3/C, involved the use 
of the enzyme s n- and 8-glucosidase . Sigma u-glucosidase 
type I from yeast (1.0 mg) was dissolved in 0.05 M phosphate 
buffer (pH 6.7, 3.0 ml) and aliquots (50 µl) used in each 
incubation (3 hours at 35 °C ). Sigma 8-gluco sidase (1.0 mg) 
was dissolved in 0.03 M acetate buffe r (pH 5 . J , 3.0 ml ) and 
50 µ l aliquots used in each incubation (3 hours at 35°C). 
Aliquots from incubations were chromatographe d on PF 2 5 4 
silica gel layers with authentic zeatin as marker (solvent 
A) to determlne the effects of the enzyme. 
The specific enzyme, L-amino acid oxidase (Boehringer), 
was used to determine the configuration of the amino acid 
moiety conjugated to the purine ring of metaboliteL 2 . The 
metabolite (1 µg ) was incubated with the enzyme solution 
(2 µl containing 2 µg) in a Tris-HCl buffer (30 µl , 0.05 M, 
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pH 7. 3 ) for 6 hours at 30°C. Prior to this, the enzyme 
had been incubated with [ 14C]D-alanine to che ck for the 
pr s e nc of D-amino acid oxidase activity. TLC on si lica 
gel (solvent B ) was us ed to assess the ef f ect of the 
e nzyme on the metabolite and [ 14 c]D-alanine . 
(ii) Determination of mass and UV spectra. UV and mass 
spectra of underivatized metabolites were dete rmined as 
described previously in 2.2.7. The TMS-derivative of meta-
bolite L2 was prepared by dissolving a sample (10 µg) of 
the compound with pyridine (10 µ l) and adding 100 µ l of a 
mixture of bis-trimethylsilyltrifluoroacetamide and tri-
methylchlorosilane (99:1). The solution was heated in a 
stoppered vial at -lOO't: for 2 hours. The product was not 
volatile e nough for GLC-mass spectrometry but a mass 
spectrum wa s obtained by evaporating an aliquot (30 µl) of 
the s o lution on to the direct inlet probe of the AEI MS902 
mass spectrometer, removing the reagents under a stream of 
dry nitroge n, and then running the spectrum in the normal 
way. 
3.2.5. Purification of the major metabolite in paper 
chromatogram zone 2 
Extract equiv a lent to 17 g of segmen t A tissue (see 
Results 3.3.) was subjected to preparative paper chromato-
graphy (so lvent A, 15 sheets). The zone containing the 
me taboli te (Rf 0.17-0.21) was located acc urately on one 
chromatogram from the distribution of radio ctivity along 
a narrow strip. This zone and the corresponding zones 
from the o h r c hromatograms were each e luted exhaustively 
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by allowing 0.15 M acetic acid to flow down them. The 
combined eluates were evaporated in vacuo ( <40°C) and the 
residue was dissolved in 50% ethanol (6 ml) for preparative 
TLC on silica gel layers. After development in solvent A, 
the metabolite was again located by counting a narrow 
strip from one of the plates. The peak of radioactivity 
was coincident with a medium intensity UV absorbing zone 
(Rf 0.12-0.16). A small column was packed with the silica 
gel from these zones and eluted with 80% methanol. The 
eluate obtained was evaporated ( <40°C) and taken up in 80% 
methanol for further preparative TLC on silica gel (solvent 
B). This procedure yielded a single UV absorbing zone (Rf 
0.20) with more th.an 80% of the radioactivity. The residue 
obtained by evaporation of the 80 % methanol eluate of this 
zone was dissolved in wate r and the solution (1.0 ml, pH 3) 
was percolated through a column of cellulose pho sphate 
(NH 4+ form equilibrated to pH 3.0, 4.0 ml) which was then 
washed with water at pH 3.0 (24 ml) and finally eluted 
with 0.3 M NH 40H (36 ml). More than 75 % of the radioactivity 
applied to the column was detected in the NH 40H eluate which 
was evaporated and the residue dissolved in 600 µl of re-
distilled ethanol. The final purification ste p involved 
paper chromatography on washed paper in solvent D. Owing 
to inadequ te separation after the first run, the chromato-
gram was d velop d a second time. The re sulting major UV 
absorbing zone (Rf 0.40) and an identical blank zone were 
cut out as strips and eluted with 60 % redisti lled ethanol. 
Purified zon 2 metabolite (about 200 µg ) thus obtained 
was us e d for chemical character i zation b y UV and mas s 
spectra . The me tabolite was subsequently termed L 2. 
3.2.6. Purification of metabolite s in paper chromatogram 
zone 3 
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Strips containing the peak of radioactivity termed zone 
3 (Fig. 3. 2A )were cut out from the paper chromatograms on 
which the initial preparative separation of zone 2 had also 
been achieved. The combined eluates (0.15 M acetic acid) 
from these strips were evaporated in vacuo ( <40°C) and 
dissolved in 50% ethanol (6.0 ml). This solution was loaded 
onto seven 0.5 mm thick silica gel TLC plates which were 
developed in solvent A. Zones from a narrow strip off one 
plate were eluted for liquid scintillation counting . This 
procedure showed that >76 % of the radioactivity was contained 
in a 2.0 cm wide strip centred on a UV-absorbing zone at 
Rf 0.19. A small glass column was packed with the silica 
from these zone s and eluted with 80% methanol . The evap-
orated eluate was dissolved in 4.0 ml water, adj usted to pH 
3.0 and chromatographed on a column of cellulose phosphate 
(NH 4+ form equilibrated to pH 3.0; 6 ml) whi c h was washed 
with water at pH 3.0 (36 ml) and eluted with 0.3 M NH 4 0H 
(54 ml). Most of the radioactivity was eluted by the NH 40H 
which was e vaporated and the residue was take n up in 50% 
methanol (0. 5 ml ). Further purification wa s achieve d 
using a two-dimensional paper chromatography system (washed 
Schleicher and Schull 2040B, solvent E followed by solvent 
D) which r solved the mixture into six UV ab sorbing spots 
(Fig. 3 .1.). These were designated L 3/1, L 3/2, L 3/3, 
1--
Fig. 3.1. The location on a two-dimensional paper 
chromatogram of the UV absorbing com-
ponents contained in a fraction derived 
from zone 3 of a paper chromatogram of 
segme nt A extract. L 3/1 appeared to be 
a mixture of two incompletely resolved 
metabolites (see text). 
UJ 
u 
z 
< I-
V) 
0 
25 
w 
I-
z 
w 
20 > _. 
0 
V) 
~ 
~ 
w 
u 15 z 
~ 
I-
V) 
0 
10 
5 
-
ORIGIN 5 
~ 
&c9 L3 / 4 Q 
~ 
L3 / 1 
SOLVENT D 
10 
DISTANCE (CM) 
15 35 
Fig. 3.2. The distribution o f radioactivity over paper 
chromatograms (solvent A) of extracts of leaf 
(A) and stem (B) of lupin seedlings which had 
been supplied with [G- 3H]zeatin. The barred 
line Ados denotes the position on the chroma-
tograms of cochromatographed adenosine. The 
barred lines 1-5 of 2 A denote zones eluted 
for further investigation and purification. 
~ 
Q.. 
u 
0 
._ 
0 
I-
0 
0 
20 
10 
0 
20 
10 
0 
_..L 
0 
[______ 
0 
5 
A 
__J 
_ 10 20 30 40 
Ad.J~ B 
f---, 
--'- - ~ -- J--~--~ 
10 20 30 40 
Distance along PC (C M) 
71. 
L 3/4, L 3/5 and L 3/6 and their relative radioactivities 
were 26.40, 7.50, 2.30, 0.13, 0.03 and 1 .00 respectively. 
Spot L 3/1 appeared to be a mixture of two incomplete l y 
separated metabolites which differed greatly in their 
intensity. The Rf of the intense component was slightly 
lower than that of the other in solvent D. Spots 2-6 were 
of very weak intensity and were just detectable under UV 
light. Spot 2 was eluted with ethanol and rechromatographed 
on washed paper yielding purified metabolite L 3/A US µg 
approx .) for characterization by UV and mass spectra. 
However , spots 3-6 were not examined further because of 
the very limited amounts present. 
The separatio~ of the two components in spot 1 proved 
difficult but was finally achieved by TLC on borate impreg-
nated silica gel (solvent F). This yielded two UV absorbing 
zones of Rf 0.01 (zone A) and Rf 0.13 (zone B) ; although 
relatively weak in intensity under UV light, zone B 
accounted for 80% of the radioactivi ty. The zones were 
eluted twice with dilute acetic acid (2.0 ml/elution). To 
remove the borate from the eluates, they were passed 
through small column s of cellulose phosphate (NH 4 + form; 
equilibrated to pH 3.0) whi ch were washed with water (pH 
3.0) and eluted with NH 40H. The NH 40 H eluates thus obtained 
were tak en to dryness in vacuo ( <40°C) and each residue 
dissolv din 50 % ethanol (200 µl) for final purification 
by paper chromatography on washed paper (solvent D). 
By the above procedure, the zone of Rf 0.01 yielded a 
single UV-absorbing spot which was eluted with 50 % ethanol 
7~ . 
to give purif ie d metabolite L 3/B (80 µg approx.). However, 
the zone of Rf 0.13 yielded two UV absorbing spots , Rf 
0.28 and 0.34. The former (Rf 0.28) which was the more 
intense was eluted with ethanol to yield purified metabolite 
L 3/C (40 µg approx .), while the latter gave purified meta-
bolite L 3/D (15 µg approx.). These metabolites were 
characterized by UV and mass spectra. 
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3.3. RESULTS 
3.3.1. Chromatographic characterization of metabolites in 
shoot extracts 
3.3.1.1. Pape r chromatography of crude extracts . 
Nine-day-old de-rooted lupin seedlings were supplied 
with tritium-labelled zeatin as described in section 3.2.1. 
Lupin seedlings of this age have only two fully developed 
leaves attached to the main stern at the tip of which is a 
cluster of young emerging leaves. Below the developed and 
emerging leaves is a pair of large fleshy cotyledons. 
Before extraction , the seedlings were divided into three 
segments, (a) the shoot above the cotyledons, (b) the shoot 
below the cotyledons, and (c) the cotyledons themselves. 
Segment (a) consisted mainly of leaf tissue but approxim-
ately 20% of the fresh weight was stern. Henceforth, 
extracts of segments (a), (b) and (c) may be referre d to 
as leaf, stem and cotyledon extracts, respe ctively, for 
convenience . 
The dist ibution of radioactivity over paper chromato-
grams (solvent A) of extracts of segments (a) and (b) is 
presented in Fig . 3.2 A and B. The chromatograms of these 
xtracts showed four peaks of radioactivity at the Rt val~s 
of 0.05, 0.20, 0.30 and 0.70, as well as a pronounced shoul-
der of radioactivity associated with the peak at Rt 0.30. 
The major difference between the two distributi ons is that 
the peak at Rt 0.20 for leaf extract is relatively more 
intense th nit is for stem extract . Extracts ere also 
prepared from th leaves of seedlings induced to wilt 
--
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during the final stages of the uptake of zeatin. These 
extracts and also those prepared from the co t yledons of 
unwilte d s e edlings yielded chromatograms with a radioactivity 
distr i bution similar to that of Fig. 3.2 A. However , in 
t he case of cotyledons , the level of radioactivity present 
was approximately one tenth of that present in the extracts 
of the other two segments. 
3 . 3.1.2 . Cytokinin activity in a leaf extract. 
The distribution of cytokinin activity o ve r paper 
chromatograms of leaf extracts was also determined. A 
small set of de-rooted seedlings were suppli e d with labelled 
zeatin and a second set (control seedlings) were supplied 
with wate r under conditions identical to thos e described in 
3 . 2.1. Extra cts of the zeatin and control s e edlings were 
prepare d and aliquots chromatographe d on the same paper 
(solve nt A). The two chromatograms were divided into zones 
of identical Rf for the detection of cytokinin activity 
using the radish cotyledon expansion bioassay (Letham, 
1971). The chr omatogram of the control extract yielded 
cotyle don weights which served as a basis for calculating 
the increments in cotyledon weight induce d by the zone s of 
the other chr omatogram in which the labelle d metabolites 
were separate d. A narrow strip was remove d from the edge 
of the 1 belled chromatogram for determinat i on of the 
distribution of radioactivity. The relationship between 
cytokinin activity and radioactivity is illus t r ate d in 
Fig. 3.3. in which it can be seen that three m jor peaks 
of radioactivity (Rf 0.04, 0.34 and 0.75) coincide with 
..... 
Fig. 3.3. The distribution of cytokinin activity relative 
to radioactivity over a paper chromatogram 
(solvent A) of a leaf extract of lupin seedl i ngs 
which had been supplied with [G- 3H]zeatin. The 
histogram represents the% of total eluted radi o-
activity present in each 3.0 cm zone of the 
chromatogram and the barred vertical lines 
represent the mean weight increments induced 
per radish cotyledon. The chromatogram was 
loaded with the equivalent of 0.13 g fresh 
weight of tissue. The increment induced in 
the presence of 14 µM zeatin riboside was 15 mg . 
The radish cotyledons were placed directly on 
the paper chromatogram zones. 
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prominent peaks of cytokinin activity. However, the 
prominent radioactive peak at Rf 0.20 exhibited only weak 
cytokinin activity. Similar results were obtained when 
the assay was repeated. 
3.3.2. Metabolites in paper chromatogram zones 
Zones from a preparative chromatogram of the leaf 
extract were eluted for investigation of the identity of 
the metabolites present. These zones are indicated in 
Fig . 3.2 A and are termed zones 1, 2, 3, 4 and 5. 
Zone 1. Comparison of Fig. 3.2. and 3.3. indicates 
that metabolites with cytokinin activity occur in this 
zone. Nucleotides are known to chromatograph in this 
region and there fore the eluate was examined for their 
presence. An alkaline phosphatase hydrolysate was 
prepared from portion of the eluate and chromatographed on 
paper (solvent A). The distribution of radioactivity over 
this chromatogram and the location of cochromatographed 
adenosine are illustrated in Fig. 3.4. The maj or peak of 
radioactivity ( >70% of the total) which resulted from the 
phosphatase hydrolysis occurred at Rt 0.70, the probable 
location of z atin riboside in this chromatogr aphic system. 
Two d:her small peaks were present, one cochromatographing 
with marker adenosine and the other at the origin. In a nvo-
dimensional system involving paper chromatography (solvent 
A) followed by high voltage electrophoresis (H VE ) using 
buffer F, the r sult above was confirmed wh n the bulk of 
the radioactivity was found to run with marker zeatin ribo-
side . The procedures used so far do not distinguish between 
Fig. 3.4. The distribution of r a dioactivity over a pape r 
chromatogram of the zone l elua te (see Fig . 
3.2 A) after treatment with alkaline phosphat-
ase. The barred line Ados denotes the loca-
tion on the chromatogram of cochromatographed 
ade nosine. 
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zeatin riboside and dihydrozeatin riboside. A TLC system 
was developed in which the free bases zeatin and dihydro-
zeatin were separated (see section 3.2.3.). Hence, it was 
necessary to oxidise the nucleotides in the zone 1 eluate 
to the corresponding free bases using periodate (see 2.2.4.). 
Only nucleoside 5'-phosphates are degraded by this pro-
cedure. TLC of the product with adenine, dihydrozeatin 
and zeatin markers in the system described, indicated that 
the relative amounts of radioactivity which cochromato-
graphed with these markers were approximately 1.0, 3.4 and 
9.5 respectively. Thus, from chromatographic evidence, the 
radioactivity in the zone 1 eluate is largely zeatin 
riboside 5'-phosphate together with lesser amounts of 
dihydrozeatin riboside and adenosine 5'-phosphates and 
metabolites unchanged in Rf by phosphatase treatment. 
Zone 2. This peak of radioactivity which appears to 
be associated with weak cytokinin activity (c.f. Fig. 3.2 
and 3.3), occurs at a different Rf to that of any identi-
fied metabolite of zeatin. However, a minor unidentified 
metabolite of zeatin in radish seedlings has been reported 
to chromatograph in this region (Parker and Letham, 1973a). 
Hypoxanthine is the only common purine with approximately 
the same Rf in this chromatographic system. However, the 
possibility that the metabolite of zone 2 was hypoxanthine 
was eliminated by TLC on silica gel in two solvent systems. 
In solvent A, the metabolite and hypoxanthine chromato-
graphed at Rf values of 0.26 and 0.33 respectively and in 
solvent Bat Rf values of 0.30 and 0.50. The behaviour of 
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the metabolite on ion exchange columns of cellulose phos-
phate (NH4+ form; equilibrated to pH 3) and DEAE cellulose 
(HC0 3- form; see 3.2.5.) was next determined. In both 
systems, over 90% of the radioactivity was retained on the 
ion exchange cellulose column after washing. In a two-
dimensional silica gel TLC system (solvent A, solvent B), 
the bulk of the radioactivity was found to be coincident 
with a weak UV absorbing spot. Spots from several such 
chromatograms were tested in the radish cotyledon expansion 
bioassay for cytokinins and were found to be weakly active. 
Since this metabolite was new and it appeared to have cyto-
kinin activity, its isolation and identification (section 
3.2.5.) were undertaken. This new metabolite was termed 
L 2. 
Zone 3. The metabolite complex present in this zone 
possesses cytokinin activity (see Fig. 3.3). The metabol-
ites, which possess an Rt value slightly less than that of 
adenosine on paper in solvent A, differ chromatographically 
from any previously identified zeatin metabolites. Zeatin 
7- and 9-glucosides have similar Rf values, but these 
slightly exceed that of adenosine on paper in solvent A. 
TLC on silica gel in solvent B resulted in a broad peak of 
radioactivity over the Rt range 0.3-0.4, but when a similar 
chromatogram was developed in solvent A, the radioactivity 
was resolved into three separate peaks at Rf 0.22, 0.40 and 
0.59. These peaks accounted for 59, 16 and 14% respect-
ively of the eluted radioactivity. The behaviour of this 
metabolite complex was also examined on ion exchange 
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celluloses and it was found that 95% of the radioactivity 
was held on cellulose phosphate (NH~+ form, pH 3) but none 
was retained by DEAE cellulose (Hco 3 - form). All of the 
metabolites present in this complex were unknown and hence 
of considerable interest, but only the metabolites in the 
major peak of radioactivity (Rf 0.22, silica gel and 
solvent A) were present in a sufficient amount to warrant 
an attempted purification. The purificatio n was undertaken 
by the procedures detailed in experimental section 3.2.6. 
and in all, four metabolites, L/3 /A, ;13, /C and /D were 
purified. 
Zone 4. This is the region to which the 7- and 9-
glucosides of zeatin are known to move during paper chroma-
tography in solvent A. TLC of the eluate on silica gel 
(solvent A) resulted in two major peaks of radioactivity 
(Fig. 3.SA). The broad peak at Rf 0.16-0.30 contained over 
50% of the eluted radioactivity; the lower Rf portion of 
this peak was coincident with cochromatographed zeatin 9-
glucoside and the higher Rf portion with cochromatographed 
adenosine. The peak at Rf 0.45 contained 30% of the 
eluted radioactivity and cochromatographed with marker 
adenine. As this chromatographic system does not separate 
the 7- and 9-glucosides of zeatin, the eluate was chromato-
graphed in a two-dimensional silica gel TLC system (solvent 
A, plate developed twice, followed by solvent B). A strip 
in the direction of the second dimension, which contained 
the cochroma tographed zeatin 9-glucoside, wa s divided into 
zones for elution and determination of radioactivity (Fig. 
Fig. 3.5 A. Histogram showing distribution of radioactivi ty 
after silica gel TLC (solvent A) of the zone 4 
paper chromatogram eluate of a lupin seedling 
l eaf extract . Barred lines indicate the 
location of cochromatographed zeatin-9- 8-D-
glucopyranoside (Z-9-G), ade nosine (Ados) and 
adenine (Ad). 
B. Histogram showing the distr ibution of radio-
activity in the second dimension afte r silica 
gel TLC (solvent A 2x , solve nt B) of the zone 
4 paper chromatogram e luate of a lupin seed-
li n g leaf extract. The zone examined is that 
containing cochromatographed marker zeatin-9-
8-D-glucopy r anoside (Z-9 -G) , the loca tion of 
which is indicated. 
1: 
ivit ,/ . 
. ~ ~ 
ne 4 
i n 
nd 
ca : ,', 
- ·· 
ne !, 
. . 
t 
t 
·l 
30 
20 
~ 
~ 
Q. 
u 
10 
0 
40 
~ 20 
~ 
Q. 
u 
10 
0 
0 
0 
Z -9 -G Ados 
-jl-----j 
5 
5 
Ad 
Z-9-G 
f----l 
DISTANCE ( CM) 
A 
10 15 
B 
10 15 
79. 
3.SB ). Approximately 41% of the eluted radioactivity was 
contained in the 9-glucoside zone and a slightly greater 
amount in the zone (Rf 0.34) immediately behind. Synthetic 
zeatin 7-glucopyranoside has recently become available and 
was found to chromatograph at a slightly l owe r Rf than the 
9-glucopyranoside in solvent B. Hence, from chromatographic 
data, the major metabolites present in the zone 4 eluate 
were zeatin 7-and 9-glucosides, adenine and adenosine. 
Zone 5. On the basis of known Rf values (Parker and 
Letham, 1973), this zone could contain zeatin and zeatin 
riboside. TLC of this eluate on silica gel (solvent A), a 
system known to separate zeatin from its riboside, showed 
that approximately 65 % of the eluted radioactivity co-
chromatographed with authentic zeatin and 14 % with zeatin 
riboside. However, this system did not di stinguish between 
zeatin, cis-zea tin or dihydrozeatin, nor did it separate 
the corresponding ribosides. In solvent system G, zeatin 
and dihydrozeatin essentially run together but are 
separated adequately from cis-zeatin. A similar separa-
tion applies to the corresponding ribosides (see Table 
3.1). When zone 5 eluate was chromatographed in this 
system the majority of the radioactivity chromatographed in 
the zeatin/dihydrozeatin zone; if cis-zeatin was present 
at all it was only a very minor metabolite. Zeatin is 
oxidised by dilute potassium permanganate solutions whereas 
dihydrozeatin (saturated N side chain) is not. Perman-
ganate oxidat ion of the eluate followed by TLC (solvent A) 
resulted in a peak of radioactivity which cochromatograplied 
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with dihydrozeatin suggesting the presence of this 
metabolite. Hence the eluate was examined by the TLC 
system (CAMAG silica gel, solvent H) which separates 
zeatin, dihydrozeatin, zeatin riboside and dihydrozeatin 
riboside (see Table 3.1). The distribution of radio-
activity over such a chromatogram is illustrated in Fig. 
3.6A, the percentage of eluted radioactivity contributed by 
the dihydrozeatin, zeatin and zeatin riboside zones being 
22.0, 33.5 and 11.5 respectively. Satisfactory separation 
of zeatin riboside and dihydrozeatin riboside was not 
obtained on this particular chromatogram due to the pres-
ence of interfering material. Development of such a 
chromatogram in · the second dimension (solvent A) and 
assessment of the radioactivity in each of the marker 
compounds resulted in the profiles seen in Figs. 3.6B, C, 
D. After permanganate oxidation, the radioactivity 
attributed to zeatin exhibited the chroma·tographic behaviour 
of adenine; however the radioactivity which cochromato-
graphed with dihydrozeatin was unaffected by this treat-
ment. Thus from chromatographic evidence the major 
labelled components of this paper chromatogram zone eluate 
were zeatin, dihydrozeatin, zeatin riboside and/or dihydro-
zeatin riboside. A summary of the data obtained from these 
studies of the metabolites present in the leaf extract is 
presented in Table 3.2. 
3.3.3. Chromatographic characterization of metabolites in 
the xylem sap and roots 
i) Sap. Xylem sap was collected from 17-day-old 
,--
Fig. 3.6 A. Histogram showing the distribution of radio-
activity after CAMAG silica gel TLC (solvent 
H) of the zone 5 paper chromatogram eluate 
of a lupin s e edling extract . The location o f 
the cochromatographed markers dihydrozeatin 
(diHZ), zeatin (Z) and zeatin riboside (ZR) 
is indi cated. 
B, C, D. Histograms showing the distribution of rad io-
activity over similar chromatograms after 
development in the second dimension (solvent 
~ - The locations of the markers are indi-
cated. 
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Table 3.2. 
Radioactivity attributable to the lupin metabolites. 
Crude lupin extract was chromatographed on paper (solvent 
A). The metabolite radioactivity is expressed as a percen-
tage of that recovered from the chromatogram. 
Metabolite Paper chromatograph % of radio-
zone from which the activity 
metabolite was eluted 
derived 
zeatin riboside-5'-P0 4 zone 1 (Rf 0.06) 7.0 
dihydrozeatin riboside-
5'-P0 4 zone 1 (Rf 0.06) 2.0 
adenosine-5'-P0 4 zone 1 (Rf 0. 06) 2.0 
L 2 zone 2 (Rt 0.20) 10.0 
L 3/A zone 3 (Rf 0.32) 3.0 
L 3/B zone 3 (Rf 0.32) 0.6 
L 3/C zone 3 (Rf 0.32) 9.7 
L 3/D zone 3 (Rf 0. 32) 2.1 
zeatin 7-glucopyranoside zone 4 (Rf 0. 3 8) 1. 0 
zeatin 9-glucopyranoside zone 4 (Rf 0. 38) 0.9 
adenine zone 4 (Rf 0.38) 2.4 
adenosine zone 4 (Rf 0.38) 2.2 
dihydrozeatin zone 5 (Rf 0. 75) 4.0 
zeatin riboside zone 5 (Rf 0. 7 5) 2.1 
unmetabolised zeatin zone 5 (Rf 0.75) 6.1 
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seedlings (see 3.2.2.) which had been watered with [G- 3H]-
zeatin and the metabolites present in the sap were examined 
by chromatography. Silica gel TLC (solvent A) of the sap 
resulted in a chromatogram with a major peak of radio-
activity coincident with cochromatographed zeatin (Fig. 3.7); 
a small proportion of the radioactivity may be due to 
zeatin riboside and some nucleotide metabolites may be 
present near the origin. When a second xylem sap prepara-
tion was chromatographed in a two-dimensional CAMAG silica 
gel TLC system (solvent H, solvent A), most of the radio-
activity was found to cochromatograph with zeatin, dihydro-
zeatin and zeatin riboside markers in the proportion 5:2:l 
respectively. 
ii) Roots. The metabolites present in the roots of 
lupin seedlings were also examined. An extract was 
prepared from the roots of the seedlings which had been 
used for the second sap collection. Three major peaks of 
radioactivity were detected at Rf 0.10, 0.17 and 0.39 on a 
preparative paper chromatogram (solvent A) of this extract 
and these accounted for 24, 11 and 11% respectively, of 
the eluted radioactivity. In addition, a minor peak 
(approximately 4% of eluted radioactivity) was present at 
Rf 0.75, the known location of zeatin in this chromato-
graphic system. HVE (buffer system A) was used to detect 
the presence of lupin metabolite L 2 in the eluates of the 
peaks with Rf values of 0.10 and 0.17. This procedure 
showed that the metabolites present in the peak at Rf 0.10 
were different from L 2. However, approximately half of 
1--
Fig . 3.7. Histogram showing the distribution of radio-
activity after silica gel TLC (solvent A) of 
a lupin seedling sap extract . The locations 
of the cochromatographed markers zeatin ribo-
side (ZR) and zeatin (Z) are indicated . 
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the radioactivity present in the eluate from the peak at 
Rf 0.17 co-electrophoresed with authentic L 2. In addition, 
treatment of this eluate with 8-glucosidase caused no change 
in the Rf of the radioactivity present (silica gel TLC; 
solvent A). Metabolite L 3/C, but not L 2, is known to be 
hydrolyzed by s -glucosidase. Hence L 2, but not L 3/C, 
appears to make a significant contribution to the radio-
activity present in the roots. 
The third peak (Rf 0.39, similar value to that for 
adenosine) was located in the region where zeatin 7- and 9-
glucosides are known to chromatograph (solvent A). Hence, 
the eluate of this peak was examined for the presence of 
these glucosides using a two-dimensional silica gel TLC 
system (solvent A 2 times, solvent B). The results 
obtained indicate that zeatin 7-glucoside and zeatin 9-
glucoside were the major radioactive components in this 
peak and that they were present in the ratio of 3:1. 
3.3.4. Identification of unknown metabolites 
3.3.4.1. Metabolite L 2. 
The mass spectra of underivatized metabolite L 2 and 
of the trimethylsilyl (TMS) derivative are presented in 
Figs. 3.8 A and 3.9. respectively. UV spectral data is 
detailed in Table 3.3. Below~~ 220, the mass spectrum 
of underivatized L 2 is very similar to that of zeatin, 
the only differences being in relative peak intensities . 
Thus, L 2 appeared to contain an intact zeatin moiety. 
The UV data (Table 3.3.) is in agreement with that for an 
~ 6 ,9-disubst ituted adenine molecule and on this basis L 2 
Fig . 3.8 A. The mass spectrum of lupin me tabo lite L 2. 
1-- B. The mass spectrum of synthe tic S-[6-(4-
hydroxy-3-methyl-but-trans-2-enylarnino)purin-
9-yl)alanine. The two mass spec tra were 
obtained under identical condit ions . 
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Fig. 3 . 9. The mass spectrum of the TMS derivative of 
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Table 3. 3. 
UV spectral characteristics of the purified 
luein metabolites. 
0.2 M 
ethanolic 0.1 M acetic 
Metabolite Ethanol NH40H acid 
.\max .\min .\max .\min .\max .\min 
Lupin L 2 270.5 230.5 270.5 233.5 266.5 231.5 
Lupin L 3/A 268.0 230.5 
Lupin L 3/B 259.5 227.5 259.5 228.5 257.5 227.0 
Lupin L 3/C 269.0 230.0 275.5 241. 0 274.0 233.5 
285.5 
(sh) 
Lupin L 3/D 267.5 230.5 
could be a 9-substituted zeatin or an ~,9-disubstituted 
zeatin. 
83. 
The mass spectrum of the TMS derivative (Fig. 3.9.) shows 
a molecular ion at~/~ 450 and high resolution measurements 
established the formula C19 H3 4 N6 0 3Si 2 . Since two TMS groups 
are present in the derivative, the molecular formula of L 2 
is C 1 3H 1 8N6 0 3 with MW= 306 (c.f. zeatin C 1 0H13N50, MW= 
219). Hence, the molecular ion is not evident in the spec-
trum of underivatized L 2. Also, the substituent group or 
groups attached to the zeatin moiety in L 2 must contain two 
oxygen atoms and the following evidence strongly suggests 
that they are present in a carboxyl group. Firstly, an 
intense peak at~/~ 44 (CO 2 ) was evident in the mass spec-
trum of underivatized L 2 although off scale in the figure. 
Secondly, in the mass spectrum of the underivatized com-
pound, there are peaks derived by elimination of CO 2 at 262 
(M+-co 2 ), 245 (M+-co 2-0H; c 12H1 7N6 from accurate mass 
measurements) and 231 (M+-co 2-CH 20H; c 11H1 5 N6 from accurate 
mass measurements). Thirdly, in the mass spectrum of the 
TMS derivative there is a peak at 333 (M+-coOTMS; C 1s H25 N5-
0Si from accurate mass measurements). Fourthly,at pH 10.2 
(buffer A) L 2 was negatively charged as evidenced by its 
electrophoretic behaviour (mobility relative to AMP= 0.44) 
thus establishing the presence of an acidic group. 
The remaining oxygen atom in L 2 must be the oxygen 
of the zeatin side chain. In the mass spectrum of underi-
vatized L 2, there are peaks at~/~ 257 (M+-H 20-CH 20H) and 
~~ 231 (M+-co 2-cH 2 0H) and in the spectrum of TMS-L 2 there 
84. 
is a prominent peak at~/~ 347 (M+-cH 20TMS). The formation 
of these ions involving elimination of -CH 20H or -CH 20TMS 
establishes that the oxygen of the side cha i n does not 
carry a substituent group. Hence, L 2 is a 9-substituted 
zeati n , the substituent being C3 H6 N0 2 which contains a 
carboxylic acid group. 
L 2 reacted with ninhydrin (purple spo t on TLC when 
sprayed and heated to 80 ·- 100°C) establishing the presence 
of a primary or secondary amino group. Since L 2 was 
degrade d by L-amino acid oxidase, the metabolite 
con tained an L- a -amino acid moiety. When the evidence 
presente d above is considered as a whole, L 2 could have 
one o f only two. struc tures which are: 
/CH 3 
CH - CH=C 
I 2 ' NH CH 20H 
Oj 
I 
CH 2-CH -COOH 
I 
NH 2 
I n 
In the mass spectrum of underivatized L 2, a peak is 
eviden t t ~/~ 232. A high resolution spectrum established 
that this is due to c 10c 1 3H1 5N6 (3.5 % of base peak) and 
c 11 tt 14 N50 (3.6 % of base peak). The latte r i s the fragment 
ion III derived by elimination of -CH(NH 2 )-COOH. 
85. 
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Compound I would readily yield III but compound II would 
not fragment to give III. Hence, L 2 was a s signed the 
struct ure I, i.e . L- $-[6-(4-hydroxy-3-methylbut-trans-2-
enylamino)purin-9-yl]alanine. Since this c ompound was 
first detected in a species of lupin, it may be convenient 
to refer to it as lupinic acid. 
Compound I (D,L) was synthesized by R.E. Summons and 
J. K. MacLeod of Research School of Chemistry and compared 
with the metabolite L 2. The synthetic compound yielded 
a mass spectrum identical to that of the me tabolite L 2 
(Fig. 3.8 B). The mass spectrum of the TMS derivative 
of L 2 was identical to that of the TMS derivative of 
synthetic I . When compared by silica gel TLC (solvents A, 
Band E) and by DEAE cellulose TLC (solvent 0.01 M Tris, 
pH 9.0), the metabolite L 2 and synthetic I we re found to 
coch romatograph. Also, the metabolite and the synthetic 
compound were found to coelectrophorese in the buffers A, 
E, G and H. However, the synthetic compound was not 
comple tely degraded by the enzyme L-amino acid oxidase, 
86. 
confirming that the synthetic was a D,L-mixture. Thus, the 
assignment of the structure I to metabolite L 2 was corro-
borated by the comparisons between the metabolite and the 
synthetic compound. 
3.3.4.2. Metabolite L 3/C. 
This metabolite exhibits UV spectra (Table 3.3.) 
characteristic of a 6-(monosubstituted amino)purine (c.f. 
Amax values for zeatin in ethanol, ethanolic NH 40H and 0.1 N 
acetic acid: 269, 275 with shoulder at 285, and 274 nm 
respectively). The mass spectrum (Fig. 3.10.) shovBa very 
weak molecular ion peak at~/~ 381 and below~/~ 220 the 
spectrum is similar to that of zeatin, indicating the 
presence of an intact zeatin moiety. However, a noticeable 
difference between the two spectra is the intensity of the 
peak at~~ 188; this is very pronounced in zeatin, and 
in the spectra of 7- and 9- B-D-glucopyranosyl zeatin, but 
is weak in L 3/C. The mass spectra of 7- B-D-glucopyrano-
sylzeatin and 9- B-D-glucopyranosylzeatin (the major 
metabolites of zeatin in radish and Zea mays re spectively) 
also differ considerably from the spectrum of L 3/ C in the 
range~/~ 220-381 where there are noticeable differences 
in peak intensity. The spectrum of L 3/C shows a weak 
peak at~/~ 248 (B+ 30 peak, characteristic o f purine 
glycosides). 
Metabolite L 3/C was rapidly hydrolysed by B-glucosi-
dase, but not by a -glucosidase, to yield a compound which 
was chromatographically indistinguishable from zeatin; 
hydrolysis with a polystyrene sulphonic acid resin (H+ 
I-
Fig. 3.10. The mass spectrum of the lupin me tabolite L 3/C. 
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Table 3. 4. 
Electrophoretic mobility of L 3/C and other zeatin deriva-
tives in buffer system F. 
Compound 
L 3/C 
9- s -D-glucofuranosylzeatin 
9- S-D-glucopyranosylzeatin 
zeatin 
Mobility relative to AMP 
0.03 
0.52 
0.05 
0.02 
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form) yielded glucose as evidenced by reaction with the 
specific enzyme, glucose oxidase. The electrophoretic 
mobil ity (buffer F) of L 3/C established the pyranoside 
structure of the glucose moiety; the mobility of L 3/C 
was almost identical to that of zeatin and 9- s -D-glucopy-
ranosylzeatin and markedly less than that of 9- S-D-
glucofuranosylzeatin (Table 3.4). Hence the metabolite was 
assigned the structure ~- S-D-glucopyranosylzeatin (IV). 
/CH 3 
CH 2-CH=C I ' ~ CH,-0-Glucopyranose 
H 
3.3.4.3. Metabolite L 3/A. 
In this mass spectrum, prominent peaks at~~ 162, 204, 
160 and 202, together with the general pattern of peaks, 
indicated the presence of both zeatin and dihydrozeatin 
moiet ies (Fig. 3.12 .). Hence, L 3/ A was probably a 
mixture of two metabolites, one c ontaining an intact zeatin 
moiety, the other an intact dihydrozeatin moiety. However, 
the prominent peak at~/~ 250 indicated that the metabolite 
with the · dihydrozeatin moiety wa s a glycoside. This peak 
(B + 30) is prominent in the sp ctra of synthetic 9-S-D-
88. 
ribofuranosyldihydrozeatin and 9- S-D-glucopyr anosyldihydro-
zeatin. Due to the small amount of sample available, a UV 
spectrum was obtained in neutral ethanol only and this 
data is insufficient to reach conclusions rega rding the 
site of substitution in the zeatin and dihydrozeatin 
moieties. A mass spectrum of the TMS derivative of L 3/A 
did not yield additional structural information. 
3.3.4.4. Metabolite L 3/B. 
The mass spectrum of L 3/B (Fig. 3.13 ) e xhibited a 
prominent pe a k at~/~ 135 suggesting the prese nce of an 
adenine mo i ety in the molecule. The UV spectra (Table 3.2) 
are chara cteristic of 9-substituted adenines and are 
almost identical to those of adenosine (c.f. Amax values 
for adenosine in ethanol, ethanolic NH 4 0H and 0.1 M acetic 
acid: 260, 260 and 257.5 nm respectively). However, TLC 
studies clearly established that L 3/B was ne i ther aden-
osine nor deoxyadenosine, the Rf values fo r L 3/B, 
adenosine and deoxyadenosine on silica gel in solvent B 
being 0.22, 0.41 and 0.40 respectively. He nce L 3/B 
appeared to be considerably more polar than these two common 
adenine nucleosides. 
The prese nce of an adenine moiety in L 3/B was con-
firmed by hydrolysis with a sulphonic acid r e sin . Elution 
of the r e sin (cone. NH 40H) yielded a UV-abso r bing product 
with the f ollowing spectral characteristics: Amax in 90% 
ethanol: 261 nm , Amax in 0.2 N ethanolic NH 40 H: 268 nm 
with a shoulde r at 278.5 nm. Adenine possesses identical 
characteristics . The hydrolysis product and adenine could 
Fig. 3 . 11 . The mass spectrum of the lupin metabolite L 3/D. 
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not be distinguished by TLC on silica gel. The mass 
spectrum of the hydrolysis product was identical to that 
of adenine (see Shannon and Letham, 1966) with three 
prominent peaks at~/~ 135 (base peak), 108 and 81. 
89. 
The above evidence establishes that L 3/B is a 9-
substituted adenine. However, atte~pts to elucidate the 
structure of the substituent were unsuccessful. Hydrolysis 
with acid resin yielded a product which after TLC reacted 
with the anisaldehyde-sulphuric acid spray for sugars to 
give a grey-brown colour. This colour reaction did not 
correspond with that of any corrunon sugar. TLC and use of 
the glucose oxidase spray reagent confirmed that glucose 
was not a hydrolysis product. Mass spectrometry of the 
TMS derivative of L 3/B failed to yield significant 
structural information. L 3/B migrated towards the anode 
during paper electrophoresis in borate buffer (pH 9.2); 
however it did not migrate in phosphate buffer at this 
pH. Hence the substituent group in L 3/B probably contains 
a vie-glycol grouping. 
3.3.4.5. Metabolite L 3/D. 
The most intense peak in the mass spectrum of this 
metabolite (Fig 3.11.) was seen at~/~ 1 3 5i two other 
very prominent peaks occurred at!!!/~ 108 and 202. However, 
the molecular ion peak was not evident. The spectrum 
indicated the presence of an intact zeatin moiety in the 
compound. As in the mass spectrum of L 3/C, the peak at 
!!!/~ 188 was relatively weak and hence the oxygen in the 
zeatin side chain may carry a substituent. As in the case 
of L 3/A, the small amount of sample available was only 
sufficient to obtain a UV spectrum in neutral ethanol; 
this did not provide sufficient data to draw conclusions 
regarding the location of the substituent of the zeatin 
moiety. A mass spectrum of the TMS derivative of L 3/D 
failed to provide further structural information. 
3.3.5. Properties of the metabolites 
90. 
All of the purified metabolites were tested for cyto-
kinin activity in the radish cotyledon expansion bioassay. 
Metabolite L 2 (lupinic acid) exhibited weak activity; at 
a concentration of 10 µM, it induced a weight increment of 
8.5 mg/cotyledon (cf. 13.0 mg/cotyledon for 10 µM zeatin 
in the same assay), but unlike zeatin was inactive at 2 µM. 
The cotyledons which had exhibited a growth response in the 
presence of lupinic acid were extracted in the usual way 
{see 2.2.1.). The resulting extract was subjected to 
preparative paper chromatography (solvent A) and two zones 
were eluted from the chromatogram. One of these zones 
contained a peak of radioactivity (approximately 33% of 
the total eluted) and was from the region where lupinic acid 
is known to chromatograph. HVE (buffer B) showed that more 
than 80% of this radioactivity electrophoresed with a very 
similar mobility to authentic lupinic acid. The other zone 
eluted was from the region where zeatin and z e atin riboside 
are known to chromatograph. TLC of all of this eluate 
(silica gel, solvent A) resulted in a single small peak of 
radioactivity {<0.1% of total radioactivity eluted from the 
paper chromatogram) which cochromatographed with authentic 
Table 3.5 
Cytoki nin activities of the purified lupin metabolites from 
paper chromatogram zone 3 when tested in the same radish 
cotyledon expansion bioassay 
Metabolite Increment in cotyledon weight (mg/cot.) 
3.50 µM 1. 25 µM 0.60 µM 
L 3/A 6.9 
L 3/B 0 0 
L 3/C 13.6 10.5 
L 3/D 8.5 
authentic zeatin 11. 5 11. 6 
t 
tAll increme nts represent a significant (P <0.05) difference 
between treated and control cotyledons; - indicates this 
concentration was not tested. 
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zeatin. 
The metabolites L 3/A, B, C and D were also tested in 
the radish cotyledon expansion bioassay (see Table 3.5). 
Metabolite L 3/B was inactive at the concentrations tested, 
but L 3/A, D and Call showed activity, the last mentioned 
being the most active. As in the case of lupinic acid, the 
cotyledons from the assay of L 3/C were extracted and the 
extract subjected to preparative paper chromatography. TLC 
(silica gel, solvent A) of this zeatin zone eluate also 
resulted in a single weak peak of radioactivity ( <0.5% of 
total eluted from paper chromatogram) which cochromatographed 
with authentic zeatin. 
3.4.1. Summary 
The results presented in this chapter are concerned 
with studies of the metabolism of [ 3H]zeatin in lupin 
seedlings. The distribution of radioactivity over a paper 
chromatogram (solvent A) of the crude extract of the de-
rooted seedlings indicated the presence of two major 
metabolite complexes at Rf 0.17-0.21 and 0.26-0.30; the 
major metabolite present in each of these complexes was 
purified and characterized chemically. In all, five zones 
(see Fig. 3.2A) were eluted from the paper chromatograms 
and the metabolites contained in them identified where 
possible, usually by means of cochromatography with 
authentic markers. Included among the metabolites iden-
tified in this way were zeatin riboside, zeatin ?-and 9-
glucoside and zeatin nucleotide as well as adenine, adeno-
sine and AMP. However, only zeatin, zeatin r iboside and 
dihydrozeatin were detected in the xylem sap of s e edlings 
supplied with zeatin via the roots. The two metabolites 
purified and chemically characterized were L- S-[6-(4-
hydroxy-3-methylbut-trans-2-enylamino)purin-9-yl]alanine 
92. 
(lupinic acid, purified from zone 2 of Fig. 3.2B) and ~- 8-
D-glucopyranosylzeatin (purified from zone 3 of Fig. 3.2B). 
Studies of metabolites of zeatin in lupin roots revealed 
that lupinic acid was present, whereas ~- 8-D-glucopyrano-
sylzeatin was not. All of the purified metabolites were 
tested for cytokinin activity in the radish cotyledon 
expansion bioassay; ~- 8-D-glucopyranosylzeatin was the 
most active and lupinic acid exhibited low activity at the 
concentrations tested. Chromatographic studies showed that 
the extracts of the cotyledons from the bioassay of both 
of these compounds contained very low levels of free 
zeatin. 
93 . 
4 .1. INTRODUCTION 
Information concerning cytokinin levels and identity in 
leaves during development and sen.escence is very limited . 
The only detailed studies available are confined to Populus 
X robusta (poplar) leaves . In the leaves of this species 
total cytokinin activity and diversity are at a maximum in 
young expanding leaves . As the leaves mature and senesce 
the number and level of the cytokinins decrease (Hewett and 
Wareing, 1973b). At least seven cytokinins are present in 
leaves of Populus X robusta. Two are probably zeatin and 
zeatin riboside, while a third , possibly a cytokinin gluco-
side , is the principal cytokinin in fully expanded lower 
l eaves and in yellow senescent leaves (Hewett and Wareing, 
1973b,c) . Removal of the apex results in am rked increase 
in the level of this cytokinin in expanded leaves (Hewett 
and Wareing, 1973b). A fourth cytokinin in Populus X 
robusta leaves has b een identified as 6-(~-hydroxybenzyl -
amino)-9- -D-ribofuranosylpurine (Horgan et a l., 1975) . 
The identity of the three remaining cytokinins is not known . 
hanges in cytokinin levels in buds and leaves of 
Populus tre mula have been reported by Engelbrecht (1971) . 
This species contains two cytokinin fr ctions; one was 
t erme d ' fraction Z' and contained two cytokinins wi th the 
chromatographic properties of zeatin and ze tin riboside , 
while the oth r, d signated ' fracti on ' appeared to be a 
ze tin nucleotide. The level of ' fraction Z ' declines 
uring l af development, and in mature l eav s und senescent 
leaves, ' f ction N' accounts for nearly all of the 
l 4. 
cytokinin activity. 
A study of zeatin metabolism in leaves of a Populus 
species would be a desirable complement to the studies 
outlined above for three reasons. Firstly , information 
regarding identity of unknown Populus cytokinins might 
res u lt. The unidentified cytokinins in Populus could be 
zeatin derivatives and hence , if they were formed in 
sufficient amounts from exogenously supplie d zeatin , their 
purification and identification might be achieved. Secondly , 
the variations in the relative levels of cytokinins in 
poplar leaves of different maturity may arise from differing 
metabolism of zeatin riboside in these leaves . Zeatin 
riboside is probably the dominant cytokinin present in 
poplar xylem sap (Hewett and Wareing , 1973a). Thirdly , 
comparative studies of cytokinin metabolism in leaves of 
differing maturity have not been reporte d previously for 
any plant species. 
4. 2 . EXPERIMEN'l'AL 
4.2.1 . Uptake of [ 3H]zeatin and [ 3H]z atin riboside by 
poplar leaves ; extraction of t issue 
9 5 . 
For studies aimed at the chromatographic characteri -
zation of zeatin metabolites , an 8 µM solution of (G- 3H]-
zeatin (see 2.2.1.) was prepared . The petioles of detached, 
mature l eaves of Populus alba (collected early in March) 
were placed in this solution and left for 120 hours in 
continuous fluorescent light and a gentle air c urrent. 
After 24 hours most of the zeatin solution had been taken 
up and consequently water was supplied then and as required 
throughout the experiment. 
On completion of the uptake, the l eaves (17.0 g) were 
extracted wi th 80 % methanol as described previo usly in 
section 2.2.1. After e vaporation ( <35 °C) the extract was 
taken up in 50% ethanol (1.0 ml/g fresh weight) and then 
clarified by low speed centrifugation. The r es ulting 
supernatant was evaporated and the residue redissolved in 
50% eth nol (0.25 ml / g fresh we ight) for chromatography . 
The metabolism of zeatin riboside in poplar leaves at 
varying stages of maturity was also investigated. Petioles 
of leaves collec t ed in autumn were placed in a solution of 
[8 -3 H]z atin riboside (4.0 µM) and left for 100 ho urs in 
continuous fluorescent light and a gentle air current . 
They were then extracted as described above. The evapo-
rated xtr ct was taken up in 50% ethanol (1.0 ml/1 . 5 g 
fr e sh weight). 
1/1 1. 
4.2.2. Purification of the major metabolites of zeatin 
Mature leaves of Populus alba (220 g} were supplied 
with a 100 µM solution of unlabelled zeatin (2.0 litres} 
and extracted as described previously (4.2.1.). The 
evaporated extract was suspended in water (150 ml}, brought 
to pH 3.0 and percolated through a column of cellulose 
phosphate (Na,+ form equilibrated to pH 3.0; 300 ml} which 
was then washed with water (1.8 litres at pH 3.0) and 
finally eluted with 0.3 M NH 4 0H (2.4 litres}. After 
evaporation the eluate was dissolved in 50% ethanol (30.0 ml}. 
Previously, an extract had been prepared from leaves 
supplied with 3H-zeatin and this extract had been chromato-
graphed on paper in solvent A (see 4.3.2.). Portion of the 
zone 3 eluate from this chromatogram (see Fig. 4.1 B} was mixed 
with the column eluate (2.5 ml) and chromatographed on a 
1.0 mm silica gel thin layer (solvent A). The distribution 
of radioactivity over a narrow strip from this plate was 
determined. Two peaks of radioactivity which were coin-
cident with UV absorbing zones at Rf 0.37 (zone l} and Rf 
0.46 (zone 2) were detected. The remainder of the column 
eluate was then chromatographed and the zones 1 and 2 were 
scraped from the plates, combined with unused 'labelled' 
zones from the first chromatogram and eluted exhaus tively 
with methanol-water-acetic acid (80:20:l). The zone land 
2 material now contained a low level of radioactivity which 
served as a marker during subsequent purification steps. 
A further preparative TLC step with the zone 1 and 2 
eluates (0.5 mm PF 2 ~ 4 silica gel; solvent B; 5 plates 
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each eluate) yielded single peaks of radioactivity which 
were coincident with discrete UV absorbing zones in each 
case. The relative level of radioactivity present in the 
two peaks was approximately 1.5 (peak from zone 1) and 1.0 
(peak from zone 2) whereas the UV intensity associated with 
the zone 2 peak was much greater than that of the zone 1 
peak. The silica gel containing the radioactive zones was 
scraped from the chromatograms and exhaustively eluted with 
methanol-water-acetic acid (80:20:1). The eluates were 
evaporated and redissolved in 50% ethanol (1.0 ml each) for 
further chromatography. 
The eluate obtained by rechromatographing zone 2 on 
silica gel in solvent B was subjected to paper chromato-
graphy (washed paper, solvent A). This yielded a single UV 
absorbing component (Rf 0.37). This metabolite, P 2, was 
eluted with 50% ethanol for UV spectra and mass spectro-
metry. 
Purification of the fraction derived from zone 1 was 
complex and is therefore outlined in a flow diagram which 
also indicates earlier purification steps including those 
leading to the purification of P 2 (Fig. 4.3). Paper chroma-
tography of the eluate derived from zone 1 resulted in two 
UV absorbing zones (X = low Rf, Y = higher Rf ) which were 
separate d from each other by an intense yellow-brown zone. 
Both of these zones (X and Y) were eluted for further 
purification by TLC on silica gel layers (0.5 mm, solvent A 
developed twice). By this method, the zone X eluate was 
resolved into three UV absorbing zones (Xl- 3) each 
'I IJ • 
possessing a low l e vel of radioactivity , whereas the Y eluate 
wa s separated :into five UV absorbing zones (Yl - 5 ) of which 
three (distance from origin: 2.8, 3 .7, 4.5 cm) contained a 
high proportion of the radioactivity. These three zones 
(Y2, Y3 and Y4) were exhaustively eluted (me thanol-water-
acetic acid , 80:20:1) evaporated and dissolved in 50% 
ethanol for final purification by chromatog raphy on washed 
paper (solvent D). Y2 yielded a single UV absorbing zone 
of Rf 0.53, but Y3 and Y4 were each separated into three 
UV absorbing zones of Rf 0.28, 0.39, 0.46, and 0.34, 0.39, 
0.47 respectively. The Y2 zone was eluted in 80% ethanol 
(redistilled solvents , 4.0 ml) to give metabolite Y2/l 
(25 µg approx.) for UV and mass spectrometry. A narrow 
strip (0.5 cm wide) was taken from the middle of the Y3 
and Y4 chromatogramsfor the determination of the distri-
bution of radioactivity over each. The results obtained 
showed that the Y3 zone of Rf 0.39 and the Y4 zone of Rf 
0.47 each contained almost all of the radioactivity present 
on each chromatogram. Thus, these zones were eluted with 
80 % ethanol (redistilled solvents, 5.0 ml) to yield the 
metabolites Y3/2 (90 µg approx.) and Y4 /3 (100 µg approx.) 
for characteri zation by UV and mass spectrometry . 
4.3. RESULTS 
4.3.1. Paper chromatography of crude ext r act of leaves 
supplied with zeatin 
99. 
The mature leaves of a clone of Populus alba were 
supplied with a solution of [G-3H]zeatin via their petioles 
and an extract prepared from them (see 4.2.1.). The 
extract was chromatographed on paper (solve nt A) and the 
distribution of radioactivity over the chromatogram was 
determined (see Fig. 4.1 A). Three prominent peaks of 
radioactivity were detected, at Rf 0.15, 0.28 and 0.37, 
which c o ntained 10, 42 and 14% respectively of the eluted 
radioactivity. Cochromatographed adenosine was coincident 
with the peak of Rf 0.37 on this chromatogram. Comparison 
of Fig. 4.1 A and Fig. 3.2 A showed that the major meta-
bolite peak of the poplar leaf extract occurred at a 
similar position to a major metabolite peak of a lupin leaf 
extract which had been chromatographed under equivalent 
conditions. Several unidentified zeatin metabolites were 
purified from this lupin extract zone and hence further 
investigation of the metabolites from the poplar extract 
zone seemed warranted. Thus, a preparative paper chromato-
gram (solvent A) of the crude extract was run and the 
distribution of radioactivity over a narrow strip was 
determined (Fig. 4 .1 B). The profile of the histogram in 
Fig. 4.1 B differs slightly from that of Fig. 4.1 A , the major 
difference being that the minor peak coinc i dent with adeno-
sine in Fig. 4 .1 A appears only as a shoulder in 4. 1 B. 
Fig. 4.1. The distribution of radioactivity over paper 
chromatograms (solvent A) of extracts of poplar 
leaves which had been supplied with [G- 3 H]-
zeatin. A: preliminary paper chromatogram, B: 
paper chromatogram used for elution of zones, 
C: paper chromatogram of extract after chromato-
graphy on a cellulose phosphate column. The 
barred line Ados denotes the position on the 
chromatogram of cochromatographed adenosine. 
The barred lines 1-5 of lB denote zones eluted 
for further investigation. The barred line Z 2 
of lC denotes the zone eluted for comparison 
with authentic lupinic acid. 
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4.3.2. Metabolites in paper chromatogram zone s 
The zones 1-5 depicted on the histogram (Fig.4.1B) were 
eluted for investigation of the metabolites present. 
Zone 1. This zone (Rf 0-0.09) contained approximately 
2% of the radioactivity eluted from the chromatogram. As 
nucleotides are known to chromatograph in this region, the 
eluate was examined for their presence. A small portion of 
this eluate was used in the preparation of an alkaline phos-
phatase hydrolysate which was then cochromatographed with 
adenosine on paper (solvent A). The distribution of radio-
activity over this chromatogram was largely confined to two 
regions of Rf 0.08 and 0.37 which contained 35% and 40%, 
respectively, of the eluted radioactivity. The adenosine 
marker cochromatographed with the peak of Rf 0.37. There 
was no suggestion of any radioactivity in the region where 
zeatin riboside is known to chromatograph. Hence, from 
chromatographic evidence, adenine nucleotides and metabo-
lites unchanged in Rf by the phosphatase treatment are the 
predominant products of zeatin metabolism in this zone. 
Zone 2. Approximately 18% of the eluted radioactivity 
was contained in this zone which was located in the region 
Rf 0.13-0.23. This is the region in which lupin metabolite 
L 2 (lupinic acid) chromatographed under identical condi-
tions (see 3.3.2. zone 2). An aliquot of the zone 2 
eluate was subjected to silica gel TLC (solvent A, devel-
oped twice) and the distribution of radioactivity over the 
chromatogram was determined. A single, ma j or peak of 
radioactivity which contained >70% of the e luted radio-
101. 
activity was located in a zone 1.0-3.0 cm from the origin. 
Lupinic acid is known to travel further in this chromato-
graphic system. To prove conclusively that lupinic acid 
was not present in this zone, the behaviour of the eluate 
was studied using HVE (buffer A). However, the crude 
eluate streaked badly during electrophore s is and therefore, 
to r e move the interfering material the remainder of the 
crude leaf extract was chromatographed on a cellulose 
phosphate column (NH 4 + form, equilibrated to pH 3.0) and 
the 0.3 M NH 40H eluate collected. Under these circumstances, 
lupinic acid is known to occur in the column eluate (see 
3.3.2.). The column eluate was then chromatographed on 
paper and the eluate corresponding to zone 2 was prepared 
(see Fig. 4.lC). Co-electrophoresis of this eluate (buffer 
A) with authentic lupinic acid showed that <2% of the radio-
activity on the electrophoretogram could have been lupinic 
acid. More than 50% of the radioactivity was found in a 
broad peak which travelled mid-way between lupinic acid 
and adenosine 5'-monophosphate. Thus, if any lupinic acid 
was present in the zone 2 metabolite complex, it was a 
very minor component of it. The compounds 7- and 9- 8-D-
glucopy r anosyladenine (prepared synthetically ) were found 
to chromatograph at a similar Rf to the zone 2 complex on 
silica ge l (solve nt A). The 'purified ' zo ne 2 eluate was 
cochromatographed with these two compounds on a c e llulose 
thin laye r i n solvent B. Under these conditions, >73% of 
the e lute d radioactivity chromatographed in a peak immed-
iately in f r ont of adenine 9-glucopyranoside (Rf 0.53) 
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while adenine 7-glucopyranoside travelled close behind at 
Rf 0.47. Together, these two compounds could only account 
for 10 % of the eluted radioactivity. In summary, the 
chromatographic and electrophoretic evide nce presented 
suggests that adenine 7- and 9-glucopyranosides and lupinic 
acid are not present or are minor metabolites, in the zone 
2 eluate. The major metabolite(s) were not identified. 
Zone 3. This zone (Rf 0.28-0.40) contained the major 
peak of radioactivity eluted from the paper chromatogram 
( >50%) and it chromatographed in the region slightly 
behind adenosine (Fig. 4.lB). Silica gel TLC of the eluate 
(solve nt A, developed twice) separated the radioactivity 
into three distinct peaks which contained, in order of 
increasing distance from the origin, 62, 12 and 4% of the 
total eluted (Fig. 4.2.). The peak containing 12 % of the 
radioactivity cochromatographed with hypoxanthine and that 
containing 4% with adenine. However, the major peak was 
located much closer to the origin. Its position corres-
ponded to that of the major peak of radioacti v ity present 
in the equivalent paper chromatogram zone e luate (zone 3) 
of a lupin leaf extract (see 3.3.2. Zone 3 and Fig. 3.2 A). 
Further, the poplar complex exhibited similar behaviour to 
the lupin complex on a cellulose phosphate ion exchange 
column, bing retai ned when washed with water at pH 3.0 
and eluted by 0.3 M NH 4 0H (Fig. 4.lC). The purifica tion 
and identi f ication of the major metabolites i n this zone 
was undertaken as described elsewhere (4. 2 .2. and Fig. 4.3.). 
zone 4. This zone, which encompassed coch romatographed 
1-
Fig. 4.2. Histogram showing the distribution of radio-
activity after silica gel TLC (solvent A, 
developed twice) of the zone 3 paper chromato-
gram eluate (see Fig. 4.lB) of a poplar leaf 
extract. The barred lines indicate the location 
of cochromatographed adenine (Ad) and hypoxan-
thine (Hypo) • 
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Fig. 4.3. Flow sheet showing procedure used for the 
purification and separation of zeatin metaboli t e s 
from the complex which was originally detected 
in the zone 3 eluate after c hromatography of 
the crude poplar leaf extract. 
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adenosine (see Fig. 4.lB), contained approximately 11% of 
the eluted radioactivity. Also, as already pointed out (see 
3.3.2. zone 4), this zone is the known location of zeatin 
7- and 9-glucopyranosides in this chromatographic system. 
Further support for the presence of these two compounds was 
obtained by silica gel TLC (solvent A) of the eluate. 
Determination of the distribution of radioactivity over this 
chromatogram showed that the major peak (Rf 0.30) chromato-
graphed with, and immediately behind, adenosine which is 
where the 7- and 9-glucosides of zeatin also travel. In 
addition, there was a second minor peak on this chromato-
gram which contained 6% of the eluted radioactivity and co-
chromatographed with adenine. Next, the previously described 
two-dimensional silica gel TLC system which separates the 
zeatin 7- and 9-glucosides from each other, was used (see 
3.3.2. zone 4). Elution and determination of radioactivity 
in the second dimension strip, which contained the cochrom-
atographed zeatin 9-glucopyranoside, suggested that both 
the 7- and 9-glucosides were present in the ratio 2:3, 
respectively. The metabolites present in zone 4 and iden-
tified on the basis of chromatographic evidence were zeatin 
7- and 9-glucosides, adenosine, and adenine in the ratio 
3 . 2:4.8:3.0:1.0, respectively. 
Zone 5. Only 3% of the radioactivity present on the 
paper chromatogram was contained in this zone which is also 
the known location of zeatin, dihydrozeatin and their 
ribosides in this chromatographic system . Silica gel TLC 
(solvent A) of the eluate in the presence of cochromato-
graphed zeatin and zeatin riboside showed that they were 
coincident with 40 and 20%, respectively, of the eluted 
radioactivity. This chromatographic system does not 
separate zeatin from dihydrozeatin. To overcome this 
problem, portion of the 'purified' paper chromatogram 
eluate (i.e. chromatographed on paper after cellulose 
phosphate chromatography) was subjected to TLC on an 
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alumina layer (solvent J). This system gives a particularly 
good separation of zeatin and dihydrozeatin (Rf 0.25) from 
their respective ribosides (Rf 0.06) which remain near the 
origin and from other minor metabolites. The zone coin-
cident with cochromatographed zeatin was eluted exhaustively 
with 80% methanol followed by 80% acetone. The evaporated 
eluate was dissolved in H20 (250 µl) and extracted with n-
butanol (200 µl; to remove interfering material eluted 
from the alumina) prior to two-dimensional TLC on CAMAG 
silica gel (solvent H, developed three times; solvent A) 
in order to separate zeatin from dihydrozeatin. Authentic 
dihydrozeatin was added to the butanol extract of the 
eluate before it was loaded onto the plate. The distri-
bution of radioactivity in the zeatin and dihydrozeatin 
strips of the second dimension was examined and each was 
found to contain only one peak of radioactivity which was 
coincident with the marker compounds. In summary, the 
total a.mount of radioactivity eluted from this zone was 
low and on the basis of chromatographic studies it con-
tained zeatin, dihydrozeatin and zeatin riboside in the 
ratio 4:1:2, respectively. 
4.3.3. Identification of unknown metabolites of zone 3 
4.3.3.1. Resin hydrolyses. 
105. 
When hydrolysed with ZEOKARB 225 (H+ form, see 2.2.7.), 
Y 2/1, Y 3/2 and Y 4/3 all yielded glucose which was iden-
tified using the specific enzyme glucose oxidase, after TLC 
of the hydrolysates. The elucidation of the structure of 
these three glucoside metabolites, and also of P 2, is 
outlined below. 
4.3.3.2. Metabolite Y 2/1. 
The UV spectra established that Y 2/1 was an ~ 6 ,9-
disubstituted adenine (see Table 4.1). The mass spectrum of 
the underivatized compound (Fig. 4.4.) indicated the 
presence of a dihydrozeatin moiety. Below~/~ 222 all 
fragment ions could be attributed to this structural 
feature; furthermore, the prominent peak at~/~ 250 could 
be assigned to the B+30 fragment ion which would be pro-
duced by a 9-glycoside of dihydrozeatin. Initially, it was 
suspected that Y 2/1 was simply the 9-glucoside of dihydro-
zeatin (M.W. 383) although the very weak peaks at~/~ 384, 
412 and 426 were not in complete accord with this view. 
However these peaks, and also the peak at~/~ 383, were so 
weak they could have been due to impurities. 9- S-D-Gluco-
pyranosyldihydrozeatin was therefore prepared synthetically 
by Dr. c. Duke (R.S.C.) for comparison with Y 2/1. The 
mass spectra for the two compounds, while similar, did show 
some significant differences in peak intensity. TLC on 
silica gel (solvent A) clearly established that the 
synthetic 9-glucoside and Y 2/1 were different (Rf values 
-1--------------------------------------------~--
Table 4.1 
UV spectral characteristics of the purified poplar 
metabolites. 
0.2 M ethanolic 
Metabolite 80% ethanol NH 4 0H 
:.\max :.\ min :.\ max :.\ min 
Y2/l 267.0 230.0 267.0 
Y3/2 269.5 229.0 274.5 240.0 
( 2 85. 0 
sh) 
Y4/3 270.0 230.0 275.0 240.0 
(285.0 
sh) 
P2 260.0 227.0 260.5 227.5 
0.1 M acetic 
acid 
:.\ max :.\ min 
264.0 229.5 
273.5 233.5 
273.0 234.0 
257.5 227.5 
Fig. 4.4. The mass spectrum of poplar leaf metabolite 
Y 2/1. 
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0.23 and 0.17, respectively). Y 2/1 was evidently a more 
complex molecule; the weak peaks at~/~ 384, 412 and 426 
were probably fragment ions and the molecular ion of y 2/1 
was almost certainly not evident. 
Hydrolysis of Y 2/1 with 8-glucosidase (see 3.2.4.) 
yielded a UV-absorbing product which cochromatographed with 
zeatin riboside and dihydrozeatin riboside on silica gel 
(solvents A, E) and on borate impregnated silica gel (sol-
vent I). The TMS derivative of this hydrolysis product was 
( Fig . 4.5.) 
subjected to GC-MS; the mass spectrum~was identical to that 
of syntheti c dihydrozeatin riboside with a molecular ion 
peak at~/~ 641. Hence Y 2/1 was a glucosyl derivative of 
dihydrozeatin riboside. This was confirmed by the mass 
spectrum of the TMS derivative of Y 2/1 itsel f , which 
exhibi ted a molecular ion at~/~ 1019 (see Fig . 4.6.). 
The glucosyl moiety could be attached to the oxygen of 
the dihydrozeatin side chain or to the 9-ribosyl moiety. 
The fragmentation pattern revealed by the mass spectrum of 
TMS-Y 2/1 established the former structure. In particular, 
ions at ~/~ 510 , 670 and 700, attributable to structures I, 
II and III, would readily arise from a s i de chain ~-glucosyl 
structure but not from a 9-glucosyl-ribosyl structure. The 
I 
I 
Ribose(TMS) 
3 
Fig. 4.5. The mass spectrum of the TMS derivative of the 
B-glucosidase hydrolysis product of poplar 
metabolite Y 2/1. 
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Fig. 4.6. The mass spectrum of the TMS derivative of 
poplar metabolite Y 2/1. 
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same applies to the peak at~/~ 348 which is due to the 
tri-TMS ribosyl ion formed with the loss of one hydrogen. 
The prominent peaks at~~ 568 and 552 are due to the M-
(TMS) 4 glucosyl and M-(TMS) 4 glucosyloxy fragment ions. 
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It was possible to assign the ring structure of the 
glucosyl moiety from mass spectral considerations. From 
analys is of mass spectra of TMS derivatives of synthetic 
cytokinin glucopyranosides and glucofuranosides, it has 
been shown very recently that the intensity of the~/~ 205 
peak rel tive to the 204 peak is low in pyranosides but 
high in furanosides (MacLeod et al. , 1976). Hence from 
Fig.4.4.it is evident Y 2/1 is a glucopyranoside. It was 
therefore assigned structure IV i.e. 6-(4- S-D-glucopyran-
osyloxy-3-methylbutyl-amino)-9- S-D-ribofuranosylpurine. 
4.3.3. 3 . Metabolite Y 3/2. 
I 
Ribose 
108. 
As reported above (4.3.3.1.) this metabol ite after 
hydrolysis gave a positive reaction with the enzyme glucose 
oxidase . The UV spectral characteristics (Table4.l) indi-
cated t hat Y 3/2 was a 6-(mono substituted amino)purine 
(cf. z e atin spectral data i n 3.3.4.2.). The mass spectrum 
(Fig. 4.~ s howed a weak molecular ion peak at~/~ 381 and 
the base peak was located a t~/~ 202. Comparison of this 
mass spectrum with that o f lupin metabolite L 3/C (Fig. 
3.10.) indicated that this poplar metabolite and L 3/C 
were identical. This conclusion was confirme d by the 
identical behaviour of the two metabolites on silica gel 
TLC (solvent A, two times). Treatment of Y 3/2 with the 
enzyme S-glucosidase yielde d a product which was indisting-
uishabl e f rom authentic z eatin by TLC in solvents A and 
G. Th . extr e mely low mobility of the metabolite during HVE 
in bo r ate a t pH 9.2 (buffer F.) indicated that the glucose 
moiety was i n the pyranose f o rm. Therefore, the structure 
Fig. 4.7. The mass spectrum of the poplar me tabolite 
Y 3/2. 
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Q- S-D-glucopyranosylzeatin was assigned to metabolite y 3/2. 
4.3.3.4. Metabolite Y 4/3. 
This meta bolite also gave a positive reaction to the 
enzyme glucose oxidase after hydrolysis. The UV spectral 
data (Table 4.1) were almost identical to those obtained 
for Y 3/2 and hence indicated that the metabolite was a 
6-(monosubstituted amino)purine. Examination of the mass 
spectrum (Fig. 4.8.) and comparison of it with the spectrum 
of Y 3/2 (Fig. 4.7.) suggested that Y 4/3 was a mixture 
which contained both a zeatin glucoside and a dihydrozeatin 
glucoside. The mass spectrum showed a pair of weak peaks 
at~/~ 381 and 383 attributable to molecular ions, M-OH 
peaks at~/~ 364 and 366, and M-CH 20H peaks at 350 and 352. 
Furthermore, the pair of peaks at~~ 248 and 250 could be 
assigned to the B+30 fragment ions produced by glucosides 
of zeatin and dihydrozeatin, respectively . The prominent 
peaks at~/~ 160 and 162 are characteristic of zeatin and 
dihydrozeatin, respectively. 
Hydrolysis of Y 4/3 with s-glucosidase followed by TLC 
in a two-dimensional system (solvent A, solvent H two times) 
showed that the hydrolysate contained two UV absorbing 
components, one exhibited the chromatographic properties of 
zeatin, the other of dihydrozeatin. In a s e cond two-
dimensional TLC system (solvent H three time s, solvent G 
two times) which separates zeatin, cis-z e atin and dihydro-
zeatin, the presence of dihydrozeatin in the hydrolysate 
was confirmed and the second UV-absorbing component was 
f ound to be chromatographically indistinguisha ble from 
Fig. 4.8. The mass spectrum of the poplar metabolite 
Y 4/3. 
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authentic cis-zeatin. From the UV intensity of the two, it 
was estimated that the ratio of cis-zeatin to dihydrozeatin 
was 3:1. Both Y 4/3 metabolites exhibited very low mobility 
during HVE in buffer F indicating that the glucose moieties 
of both components were in the pyranose form. Hence, on 
the basis of the above evidence Y 4/3 is a mixture of o- s -
D-glucopyranosyl-cis-zeatin and 2- s-D-glucopyranosyldihydro-
zeatin. 
Nuclear magnetic resonance spectrometry indicated the 
zeatin (source Sigma) supplied to the poplar leaves was a 
trans-cis mixture (ratio about 3:1). The ~-glucosyl-cis-
zeatin was no doubt derived from the cis-zeatin supplied to 
- the leaves and was not produced by enzymic isomerization. 
4.3.3.5. Metabolite P 2. 
Metabolite P 2 exhibited a weak molecular ion at~/~ 
267 in the mass spectrum which showed prominent peaks at 
~/~ 178, 164, 135 and 108. Consideration of the mass and 
UV spectra (Table 4.1) strongly suggested that P 2 was 
adenosine. This proved to be correct. Adenosine and P 2 
could not be distinguished by mass and UV spectra or by TLC. 
4.3.4. Metabolism of [ 3 H]zeatin riboside in green and 
senescing leaves of Lombardy poplar 
Mature leaves of Populus nigra var. i talica were 
collected in late autumn and divided into three groups (A, 
Band C) according to the degree of senescence (yellowing) 
that they exhibited. Thus, the leaves of group A were 
dark green in appearance; group B were dark green with a 
few small patches of yellow colouring beginning to appear; 
,· 
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group C were showing definite signs of senescence and were 
a pale green-yellow colour. Under the conditions described 
previously, the leaves of each group were supplied with a 
solution of [8- 3H]zeatin riboside (4.0 µM) and extracted 
after completion of the uptake period (see 4.2.1.). Hence-
forth, the extracts prepared from the different groups of 
leaves may be referred to as A, Band C for convenience. 
4.3.4.1. Paper chromatography of the crude leaf extract. 
Aliquots from each extract were chromatographed on 
paper in solvent A and each chromatogram was divided into 
zones for liquid scintillation counting to determine the 
distribution of radioactivity. The histograms A, B, C of 
Fig. 4.9. illu~trate the distribution for each extract and 
the location of cochromatographed adenosine on each chrom-
atogram is indicated. Overall, the distribution patterns 
appear similar, but the small peak located in the Rf region 
0.15-0.20 is more prominent in C (yellow) than in A or B. 
In addition, the Rf region 0.60-0.80 of extract C (the 
known location of zeatin and zeatin riboside) contains, 
relatively, a considerably higher level of radioactivity 
than the same region of A or B. 
To enable further investigation of the nature of the 
metabolites present, preparative paper chromatograms were 
run for each extract . The major peaks at Rf 0.25-0.40 
which encompassed adenosine and the peaks in the Rf region 
0.60-0.80 were eluted from each chromatogram with 0.15 M 
acetic acid. These eluates were evaporated and dissolved 
in 50% ethanol for chromatography. 
Fig. 4.9. The distribution of radioactivity over paper 
chromatograms (solvent A) of extracts of mature 
poplar leaves which had been supplied with 
[8- 3 H]zeatin riboside. A: extract derived from 
green leaves, B: extract derived from green 
leaves beginning to yellow, C: extract derived 
from yellow, senescing leaves . The barred line 
Ados denotes the location on each chromatogram 
of cochromatographed adenosine. 
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4.3.4.2. Chromatographic studies of metabolites in the 
adenosine zone eluates from the paper chromato-
grams. 
Aliquots from all three eluates were cochromatographed 
with zeatin 7- and 9-glucopyranoside on a silica gel thin 
layer (solvent B). The resulting patterns of the distri-
bution of radioactivity were remarkably similar; the major 
peak containing >50% of the eluted radioactivity chromato-
graphed with zeatin 7-glucopyranoside (Rf 0.34). A minor 
peak containing approximately 15% of the radioactivity was 
located just in advance of the zeatin 9-g lucopyranoside 
marker. However, TLC of the eluates (zeatin 7-glucopyrano-
side cochromatographed) on silica gel in so lvent A resulted 
in no such similarity. The major peaks of eluted radio-
activity on these chromatograms were located at Rf values 
of 0.17 (extract A), 0.20 (extract B), and 0.26 (extract C) 
and each peak contained approximately 70 % of the label 
(Fig. 4.lU). A shift in the location of the peak of radio-
activity has occurred from a lower to a higher Rf value 
going from A-C; this shift was substantiated by the 
presence of cochromatographed zeatin 7-glucopyranoside at 
Rf 0.23 on all three chromatograms. Hence, the major 
metabolites present in the paper chromatogram eluates 
showed a progressive change with advancing senescence. 
The behaviour of these metabolite complexes in both the 
paper chromatography and the TLC systems used was similar 
to that of the zone 3 complex of lupin seedlings (see 
3.3.2.) and thus, suggested the possible presence of 
Fig. 4.10. Histograms showing the distribution of radio-
activity after silica gel TLC (solvent A) of 
the adenosine zone paper chromatogram eluates 
of extracts of green (A) , green-yellow (B) a·nd 
yellow (C) poplar leaves. The barred line z-
7- G denotes the location of cochromatographed 
zeatin 7-glucoside on each chromatogram. 
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metabolite(s) possessing an ~-glucosyl substituent. A minor 
metabolite (Rf 0.62), tentatively identified as adenine, 
increases very markedly with the onset of senescence (Fig. 
4.10.). 
The above TLC (solvent A) was repeated with larger 
aliquots of extracts A and C and the silica gel from the 
broad region around the zeatin 7-glucopyranoside marker was 
scraped from the plates and eluted exhaustively with 80% 
methanol. The eluates were then incubated with S-glucosi-
dase (see 3. 2. 4. ( i )), an enzyme which does not hydrolyse 
the 7- and 9-glucosides of zeatin. The digests obtained 
were evaporated and dissolved in 50% methanol for chromato-
graphy. A portion of each digest was cochromatographed 
with zeatin riboside and zeatin (silica gel TLC , solvent A) 
and the distribution of radioactivity over the chromatograms 
was determined. The histograms illustrating this distri-
bution (Fig. 4.11) show that in the digest derived from 
extract A almost 70% of the radioactivity cochromatographed 
with zeatin riboside whereas in the digest derived from 
extract C, the bulk of the radioactivity (60%) cochromato-
graphed with zeatin. Two-dimensional TLC in a system which 
separates zeatin, cis-zeatin, dihydrozeatin and their 
ribosides (CAMAG silica gel, solvent H twice followed by 
solvent G twice) showed that in the A digest the ratio of 
dihydrozeatin riboside to zeatin riboside was 2 :1 and the 
ratio of dihydrozeatin to zeatin was 1.5:l; in digest C 
the ratio of dihydrozeatin to zeatin was 1:1 and of 
dihydrozeatin riboside to zeatin riboside was 6:1. 
4.llA,C. Histograms illustrating the distribution of 
radioactivity after silica gel TLC (solvent A) 
of a S-glucosidase digest of the zeatin 7-
glucoside region eluates from similar chromato-
grams to those depicted in Fig. 4.10A, C. A: 
digest derived from green leaves extract, C: 
digest derived from yellow leaves extract. The 
barred lines Z-7-G and ZR denote the location o f 
cochromatographed zeatin 7-glucoside and zeatin 
riboside, respectively. 
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Since the major radioactive metabolites of the adenosine 
paper chromatogram zones yielded products, on treatment with 
$-glucosidase, which were chromatographically indistinguish-
able from the authentic marker compounds zeatin, dihydro-
zeatin, zeatin riboside and dihydrozeatin riboside, the 
metabolites themselves must have been ~-glucosyl derivatives 
of these compounds. Thus, the major metabolites of zeatin 
riboside present in the green leaves were identified as 0-
glucosyldihydrozeatin riboside and £-glucosylzeatin riboside, 
whereas in the yellow, senescing leaves the major metabol-
ites were ~-glucosyldihydrozeatin and ~-glucosylzeatin. 
4.3.4.3. Chromatographic studies of metabolites in the 
eluates of the Rf 0.60-0.80 zones from the 
paper chromatograms. 
Only the eluates derived from the leaf extracts A and 
C were used in these studies. A portion of each of the 
two eluates was chromatographed using a silica gel TLC 
system (solvent A). The distribution of radioactivity and 
the location of the cochromatographed markers zeatin and 
zeatin riboside on each chromatogram are shown in Fig. 4.12. 
In the eluate derived from extract A, zeatin riboside was 
the major component (zeatin riboside/zeatin ratio of 10:1 
approx.) whereas in the eluate derived from extract C, 
zeatin was the major component (zeatin riboside/zeatin 
ratio of 1:3.5 approx.). This result was confirmed by 
direct two-dimensional TLC on silica gel (solvent B, sol-
vent A) of the original crude extracts. 
Zeatin and dihydrozeatin and their ribosides are not 
Fig. 4.12A,C. Histograms showing the distribution of radio-
activity after silica gel TLC (solvent A) 
of the Rf 0.60-0.80 zone eluates from pape r 
chromatograms of green (A) and yellow (C) 
poplar leaf extracts. The barred lines ZR 
and Z indicate the location of cochromato-
graphed zeatin riboside and zeatin markers, 
respectively. 
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separated from each other in the chromatography system 
employed above. However, as described previously, TLC on 
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a CAMAG silica gel layer (solvent H, three times) does 
separate zeatin from dihydrozeatin and zeatin riboside from 
dihydro deatin riboside. To aid the separation in this 
system, preparative chromatography (silica gel, solvent A; 
zeatin and zeatin riboside markers chromatographed on one 
side) of the eluates was used to separate the bases from 
the ribosides. The zones were removed f rom the chromato-
grams and exhaustively eluted with 80% me thanol. After 
evaporation, these eluates were dissolved in 50% ethanol 
and chromatographed in the CAMAG system with zeatin and 
dihydrozeatin or zeatin riboside and dihydrozeatin ribo-
side markers, as appropriate. Assessment of the radio-
activity which cochromatographed with the zeatin and di-
hydrozeatin markers (about 80% of the total recovered from 
the chromatogram) showed that in both of the eluates A and 
C, the ratio of zeatin to dihydrozeatin was 2:1 approxi-
mately. A similar result was obtained for the zeatin and 
dihydrozeatin ribosides from each eluate. Hence, the 
evidence above shows that the metabolism of zeatin ribo-
side in poplar leaves is markedly influenced by leaf 
maturity. 
r---·---· • __ .. -----------------------------------------·-· 
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4. 4 .1. Summary 
A study was made of the metabolites formed in mature 
leaves of Populus alba supplied with [ 3 H]zeatin. Examina-
tion of the distribution of radioactivity over a paper 
chroma~ogram of the crude extract showed that the major 
peak of radioactivity was located at Rf 0.28-0.40. Two 
zeatin metabolites were purified from this zone and were 
characterized chemically as 6-(4- S-D-glucopyranosyloxy-3-
methybutyl-amino)-9- S-D-ribofuranosylpurine (Y 2/1) and 
~-s-D-glucopyranosylzeatin (Y 3/2); the former compound 
is a new zeatin metabolite. A third metabolite was found 
to be a mixture of two compounds which were probably ~- S-
D-glucopyranosyl-cis-zeatin and Q- S-D-glucopyranosyldi-
hydrozeatin (3:1 approximately). 
Studies were also undertaken to compare the metabolism 
of [ 3 H]zeatin riboside in senescing (yellow) and non-
senescing (green) leaves of Populus nigra var. italica. A 
marked difference in metabolism was detected by chromato-
graphic examination and enzymic degradation of extracts 
prepared from the two types of leaves. Two major, but 
different, metabolites of zeatin riboside were detected in 
the different leaves; Q-glucosyldihydrozeatin riboside 
together with Q-glucosylzeatin riboside in green leaves, 
and ~-glucosyldihydrozeatin together with o -glucosylzeatin 
in yellow leaves. 
5. DISCUSSION OF RESULTS 
In this final chapter, the experimental results of 
chapters 3 , 4 and 5 are discussed collectively. 
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5.1. TECHNIQUES USED IN CHROMATOGRAPHY AND MASS SPECTRO-
METRY 
A variety of chromatographic methods were employed in 
this investigation of cytokinin metabolites . Two of these 
methods (chromatography on cellulose phosphate and TLC 
using borate-impregnated layers) are not corruno nly used, 
while a third (TLC in the presence of a water scavenger) 
has not been reported previously. These methods are 
briefly discussed below . 
For initial purification of metabolites, column chrom-
atography on cellulose phosphate was employed . To achieve 
similar purification most cytokinin workers (see e.g . 
Miller , 1974) employ a polystyrene sulphonic acid resin in 
the free acid form . Use of cellulose phosphate in the 
ammonium ion form equilibrated to pH 3 .0, as described in 
the present s tudy has three advantages over sulphonic acid 
resins in the H+ form . Firstly, purification is more 
selective as compounds which are only pos itively charged 
at low pH ( <3.0) are not retained. All principal cytokinin 
bases and ribosid s (pKa = 3.6-4 .0), however , are quantita-
tively ret ined on the column and released by dilute 
arrunonia. Secondly, the cytokinins are not exposed to 
strongly acidi c conditions on the cellulos e phosphate 
column. Thirdly , the recovery of cytokinins at the µg 
level is great r with cellulose based catio n exchangers 
I 
I 
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than with polystyrene derived exchangers . 
Although TLC on layers impregnated with borate has 
proved of limited value in analytical separation of sugar 
derivatives , the method has not previously been applied to 
nucleosides and related compounds. In the present study , 
TLC on borate impregnated silica gel proved invaluable on 
two occasions. Firstly , as a preparative TLC procedure in 
the resolution of the cytokinin metabolite complex of lupin 
seedlings (see 3. 2. 6.) . Secondly, in distinguishing bet-
ween the 9-glucopyranoside of zeatin and the 9-glucofuran-
oside (see 2.3.5. and Table 2.2) . This separation is 
based on the ability of the unconstrained 5' ,6 ' -diol 
grouping in the glucofuranosides to form a complex with 
borate. 
In this thesis, the s epara tion of zeatin from dihydro-
zeatin and zeatin riboside from dihydrozeatin riboside was 
achieved by TLC on silica gel using a solvent (methyl -
acetate-ethanol, 9:1) to which 2 , 2-dimethoxypropane and 
anhydrous formic acid were added to act as a water 
scavenger (solvent H, see 3.2.3 . ). The 2,2-dimethoxy-
propane reacts with water yielding acetone and methanol. 
Traces of water in the solvent abolish the separation . 
The separatio n of zeatin from dihydrozeatin and zeatin 
riboside from dihydrozeatin riboside has never been 
achieved previously by TLC. The only previously known 
method whi c h achieves both of these separations is the new 
technique of high pressure liquid chromatography (Cole et 
al., 1974). Gas-liquid chromatography has however been 
--- __ ... ---------------------------------.... -
--
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used to separate zeatin from dihydrozeatin as the TMS 
derivatives (Most et al. , 1968) . The TLC method described 
using solvent H should prove of great value in chromato-
graphic studies of the zeatin group of purine cytokinins . 
2 , 2-Dimethoxypropane, an acetal , has previously been used 
in organic reactions to remove water . Howeve r , its use for 
thi s purpose in chromatography has not been reported 
previously . Traces of water in the solvent and the 
appreciable amounts held by the silica gel layer would be 
greatly reduced by reaction with the acetal . The tec hnique 
may prove of value in separating other classes of compounds. 
Mass spectrometry was the key technique for the deter-
mination of the structures of the cytokinin metabolites 
reported in this thesis. The use of mass spectrometry to 
e lucidate the structure of zeatin (Letham et al . , 1964) was 
the first application of this technique to purine structure 
determination. At that time 0 . 2 mg of crystalline zeatin 
was required for one spectrum. As a result of the great 
advances in instrumentation over the last ten years, mass 
spectra can now be obtained with 1 µg of sample. Hence, 
structures could be assigned to the cytokinin metabolites 
reported in this thesis even though only µg amounts were 
available . In almost every case the mass spectra presented 
in this thesis were obtained with underivatized metabolites 
(e.g . corn metabolite Y, lupin metabolite L 3/ C , radish 
metabolite 19) using the solid sample probe insertion 
technique, or with TMS derivatives (e.g . lupin metabolite 
L 2 , poplar m tabolite Y 2/ 1) introduced into the mass 
r---·--- __ .... ----------------------------------------11111111•• 
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spectrometer in the same way. Combined gas chromatography-
mass spectrometry, a technique used so successfully with 
gibberellins, was of negligible value. Thus, mass spectra 
of TMS derivatives of lupinic acid, Q-glucosylzeatin, Q-
glucosyldihydrozeatin, Q-glucosyldihydrozeatin riboside 
could not be obtained by combined gas chromatography-mass 
spectrometry (GC-MS) due to thermal decomposition. The 
TMS derivative of the 3-glucoside of BAP rearranged to the 
9-glucoside during passage through the gas chromatograph. 
Hence, although GC-MS may be useful in identification of 
cytokinins such as zeatin and zeatin riboside (see e.g. 
Shindy and Smith, 1975) the technique is not applicable to 
the more complex purines encountered as metabolites in this 
thesis. 
5.2. IDENTITY OF NEW METABOLITES 
The purification of a number of new cytokinin meta-
bolites is reported in this thesis . Those which have 
been identified are as follows -
corn metabolite Y: zeatin-9-glucopyranoside (probably 
B sugar linkage) 
lupinic acid: B-[6-(4-hydroxy-3-methylbut-trans-2-
enylamino)purin-9-yl]alanine 
L 3/C: Q- B-D-glucopyranosylzeatin 
Y 2/1: Q- B-D-glucopyranosyl-9- 13 -D-ribofuranosyldihydro-
zeatin 
i.e. 6-(4- B-D-glucopyranosyloxy-3-methylbutylamino)-9-
B-D-ribofuranosylpurine 
Y 3/2: Q- B-D-glucopyranosylzeatin 
r---·---- • __ .. -------------------------------------------
Y 4/3 i): Q- 8-D-glucopyranosyl-cis-zeatin 
Y 4/3 ii): Q- 8-D-glucopyranosyldihydrozeatin 
BAP metabolite 19: 6-benzylamino-3- 8-D-glucopyranosyl-
purine C ~.?e /4 pp.e"cl. 1x) 
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A summary of the significant studies of cytokinin meta-
bolism and the identity of the metabolites formed is con-
tained in Table 5.1. This Table is based on the results 
of this thesis and all literature available at the time of 
writing. In this section, the identity of the new meta-
bolites detected in the experimental work of this thesis 
is discussed, with particular reference to their unusual 
structural features. 
Glucoside metabolites of cytokinins which have been 
identified in addition to those listed above include the 
7-glucoside of zeatin (Parker and Letham, 1972, 1973) and 
the 7- and 9-glucosides of BAP (Parker et al., 1973; 
Wilson et al., 1974; Fox et al., 1973). The 3- and 7-
glucoside metabolites of cytokinins are unusual in two 
respects - the site of the glycosidic linkage and the 
sugar involv d. The only previously known purine 7-glyco-
sides were certain compounds related to vitamin B12 which 
contain a 7-ribosylpurine moiety. The 3-glucoside of 6-
benzylaminopurine is the first compound with a glycosidic 
linkage at position 3 of a purine ring to be isolated 
from a plant tissue. Only two compounds of this type have 
previously been purified from natural sources; these are 
3-ribofuranosyluric acid and its 5'-phosphate, both 
obtained from beef blood (Forrest et al., 1961; Hatfield 
TABLE 5.1 
A list of the principal studies of cytokinin metabolism in plants and the metabolites identified 
Cytokinin, plant tissue and reference 
6-BAPl, Xanthiurn pensylvanicurn leaf disks, 
(Mccalla et al., 1962) 
6-BAP, Cicer arietinurn seedlings (Guern et 
al., 1968) 
6-BAP, Lemna minor (Bezerner-Sybrandy and 
Veldstra, 197ry---
6-BAP, Solanurn andigena stolons and sterns 
(Woolley and Wareing , 1972a,b) 
6-BAP, soybean callus, potato tuber, tobacco 
tissue cultures (Dyson et al., 1972; Fox et 
al., 1973) ~ ~ ~ 
6-BAP, radish cotyledons (Wilson et al ., 1974; 
Letham et al., 1975) ~ ~ 
6- BAP and kinetin, Acer pseudoplatanus cell 
suspensions (Doree and Guern, 1973 ; Guern 
et al., 1974) 
z3 , bean axes (Sondheimer and Tzou , 1971) 
Z , ash embryos (Tzou et al ., 1973) 
Z, de-rooted radish seedlings (Parker et al ., 
197 2; Parker and Letham, 1973) ~ ~ 
Z, radish roots (Gordon et al ., 1974 ) 
Metabolites identified 
N6-benzyladenosine2, N6 -benzyladenylic acid, 
adenylic, guanylic and inosinic acids, 
adenine , guanine, urea and a ureide 
N6 -benzyladenosine2 
N6 -benzyladenosine 5'-phosphates 
N6 -benzyladenosine 
7-glucosyl-6-BAP2, N6-benzyladenosine, N5-
benzyladenosine 5'-monophosphate 
7-glucosyl-6-BAP2, 9-glucosyl-6-BAP, N6 -
benzyladenosine, 3-glucosyl-6-BAP 
N6 -benzyladenosine S'monophosphate2 and kine-
tin riboside 5'-monophosphate2 , ureides, 
nucleotides of adenine 
(d iH) Z, (diH) [9Rl z, (diH) [ 9R 5' P] Z, [9R] Z, 
[9R S'P]Z 
[9R]z2 , [9R S'P]Z, 5'-di- and tri-phosphates 
of [9R]Z 
7-glucosylzeatin2, [9R S'P]Z, [9R]Z, adenine, 
adenosine and AMP 
7-glucosylzeatin, [9R S'P ]Z , [ 9R]Z 
l 
' 
Cytokinin, plant tissue and reference 
Z, Zea mays seedlings 
Parker et al., 1973; 
(Parker and Letham, 1974; 
this thesis) 
Z, de-rooted lupin seedlings 
1975; Ma cLeod et al., 1975 ; 
(Parker et al. , 
this thesis) 
z, Populus alba leaves (this thesis) 
iP, tobacco and Acer cell suspensions, 
(Laloue et al. ,°J::974) 
Metabolites identified 
9-glucosylzeatin, [9R 5'P]Z, [9R]Z., adenine, 
adenosine, adenosine 5'-phosphate, and 7-
glucosylzeatin (minor me tabolite) 
0 - S- D- glucopyranosylzeatin, S-(6- (4 -hydroxy-
- ·3-methylbut-trans-2-enylamino) purin-9-yl] -
alanine, (diH) Z 
0 - S-D-glucopyranosylzeatin, 0 - S-D-glucopyran-
- osyldihydrozeatin, 9- S-D-ribofuranosyl-~- s -
D-glucopyranosyldihydrozeatin, (diH)Z 
5'-mono-, 5'-di- and 5'-tri-phosphates of 
[9R]iP 
1 6-benzylaminopurine 
Other abbreviations: 
2 indicates compound is the principal metabolite 3 zeatin 
(diH)Z - dihydrozeatin; (diH) [9R]Z - dihydrozeatin riboside; 
(diH ) [9R 5'P]Z - dihydrozeatin riboside 5'-phosphate; 
[9R]Z - zeatin riboside; [9R 5'P]Z - zeatin riboside 5'-p hosphate; 
iP - isopentenyladenine; [9R]iP - isopentenyladenosine 
i 
,-------· . __ ..-----------------------------------------·-
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and Forrest, 1962). The identification of glucosides of 
zeatin and BAP was the first unequivocal evidence for the 
occurrence of purine glucosides in living tissues. 
The 9-glucos ide of zeatin is the first purine derivative 
isolated from a higher plant with a sugar other than ribose 
at position 9. However, micro-organisms produce purine 
derivatives with unusual sugars at position 9. These 
sugars include 3'-deoxyribose (as in cordycepin), ketohex-
oses (as in angustmycin A and C), arabinose (as in spongo-
adenosine), and 4- fluoro-S-Q-sulfamoylpentofuranose (as in 
nucleocidin) (see Suhadolnik, 1970). However, 9-glucosyl 
purines do not appear to have been isolated from micro-
organisms. From sweet corn, a 9-glycoside of zeatin, 
which differed from zeatin riboside,was purified (Letham, 
1973 ) . The sugar was not identified. However, its 
chromatographic properties resemble those of zeatin-9-
glucoside identified as a metabolite of zeatin (see 2.3.) 
in Zea mays roots and it is possible that the two compounds 
are identical. 
This thesis reports the first identification of 0-
glucosyl metabolites of zeatin. Five compounds of this 
type have been listed above. These metabolites, unlike 
the 3-, 7- and 9-glucosides, are not structurally unique. 
A great diversity of Q-glucosides occur in nature. However 
Q-glucosyldihydrozeatin riboside (Y 2/1) is the most com-
plex zeatin metabolite identified to date . 
---- -
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Although the 1 N 7- and 9-glucosides of zeatin were iden-
tified as metabolites in all the species studied in this 
thesis, and the 7-glucoside is a known metabolite in radish, 
the Q-glucosyl metabolites did not appear to occur so 
widely. They were detected only in lupin seedlings and 
poplar leaves; th~y were not detected in corn seedlings and 
also probably do not occur in radish seedlings. Thus, there 
would appear to be some species specificity with regard to 
their occurrence. 
It is interesting to note that in extracts of Populus x 
robusta leaves, Hewett and Wareing (1973c) have detected a 
cytokinin which, like Q-glucosylzeatin, is readily hydroly-
sed by B-glucosi<lase and exhibits chromatographic behaviour 
on Sephadex LH20 identical to that of Q-glucosylzeatin. 
Thus, this naturally occurring cytokinin and Q-glucosyl-
zeatin are probably identical. 
The structure of the sugar moieties of the cytokinin 
glucoside metabolites have been investigated. In the case 
of the 7- and 9-glucosides, including zeatin 9-glucoside, 
the metabolites have been compared with glucopyranosides 
a nd glucofuranosides prepared by unambiguous synthesis 
(Cowley et al ., 1975; Duke et al., 1975). These compari-
sons have shown that the glucose moieties of both the 7-
and 9-metabolites are in the pyranose form. Borate buffer 
HVE (pH 8.25) was used to determine the ring structure of 
the glucose moiety in the 0-glucosylzeatin metabolites (L 3/C, 
Y 3/2 , Y 4/3 ). Subsequent direct comparison with the syn-
thetic compound s confirmed the pyranose structure assigned; 
the synth e ti compo unds and the metabolites were indistin-
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gu ishab l e i n th is sy s tem . I t sho uld b e noted t hat De l e uz e 
e t al. (1972) proposed a furanose structure for the 7-
glucoside metabolite of 6-benzylaminopurine isolated from 
potato tuber tissue. However, this a s s ignment is based 
entirely on a comparison of fragment ion intensities in the 
mass spectrum of the metabolite (TMS derivative) with those 
i n the spe c t r a of simple glucopyranosides and glucofurano-
sides. Hence, it lacks an acceptable experimental basis. 
In further work in this laboratory, the metabolism of BAP 
was studied in potato tuber tissue. The principal meta-
bolite, without doubt the compound purified by Fox and co-
workers (1973), was shown to be the 7-glucopyranoside. In 
addition, the 9-glucopyranoside was also identified as a 
metabolite. It is also of interest that in studies in 
this laboratory it was found that radish seedlings did not 
form 7- and 9-gluco sides from exogenously supplied labelled 
adenine (Letham, unpublished results). Hence 7- and 9-
glucosylation may be restricted to cytokinins and perhaps 
other N6-subs t ituted adenines. 
The configuration of the glycosidic linkage in zeatin 
9-glucoside was not established. However, the 9- a - and 
9- B-glucopyranosides of BAP were synthesised by collabora-
tors in the Research School of Chemistry a nd , by chromato-
graphic me thods, the 9-glucoside metabolite of BAP was 
found to be identical to the synthetic B-glucoside and to 
differ from the - g lucoside. Hence, by analogy , the 9-
glucoside o f zea tin probably possesses a B-linkage. It 
should be noted that 7- and 9-glucosides of purines are 
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not cleaved by glucosidase and therefore it is not possible 
to use enzymic methods to determine configuration of gluco-
sidic linkages in these compounds. 
The purinyl-amino acid conjugate, termed lupinic acid, 
which was identified as a metabolite of zeatin in Lupinus 
angustifolius seedlings is also structurally unusual . It 
is the first reported, naturally occurring, purine deriva-
tive in which an amino acid moiety is conjugated to a pur-
ine ring nitrogen atom. However, pyrimidinyl amino acids 
(willardiine and isowillardiine) are known (Ashworth et 
al ., 1972). There are reports in the literature concerning 
the purification from plants of enzyme activity capable of 
catalysing the addition of an amino acid moiety (alanine) 
to N atoms of other heterocyclic ring systems (see 5.3.). 
At the present time, lupinic acid has been identified only 
as a zeatin metabolite in lupin seedlings and has been 
shown not to be a metabolite in poplar leaves. However , 
minor peaks of unidentified metabolites which are located 
at appropriate Rf values on paper chromatograms of corn and 
radish extracts may contain lupinic acid. Recently , in 
this laboratory, the 9-alanine conjugate of 6-benzylamino-
purine has been identified as a metabolite formed from BAP 
in bean seedlings (Letham, unpublished data); this is 
probably the unidentified bean metabolite referred to by 
Mccalla et 1. (1962) in the first reported study of cyto-
kinin metabolism. 
The isopr noi unit occurs widely as a basic building 
block in biosynthesis of a diversity of compounds and the 
,---.. ____ . _ ....------------------------------------------.... 
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double bond contained in it is often subsequently saturated. 
Up until the time of writing , excised bean axes (Phaseolus 
vulgaris) were the only tissue reported to metaboli ze exog-
enously supplied z eatin to dihydrozeatin and its riboside 
and ribotide derivatives (Sondheimer and Tzou, 1971). 
However , results reported herein (see 3 .3. and 4.3.) show 
that lupin and poplar species are also able to reduce the 
zeatin side chain; in the case of poplar extensive meta-
bolism of the dihydrozeatin itself appears to occur, e.g. 
format ion of Q-glucosyldihydrozeatin riboside. Dihydro-
zeatin has been identified as an endogenous cytokinin in 
lupin seeds (Koshimizu et al ., 1967). Radish (Parker and 
Letham, 1973) and as h (Tzou et al., 1973) did not metabol-
ize zeatin to dihydrozeatin. Thus, the saturation of the 
isopentenyl side chain of cytokinins is another aspect of 
metabolism which e xhibits species specificity. 
5. 3. PATHWAYS OF CYTOKININ METABOLISM 
The scheme in Fig. 5.1. represents a summary of the 
present knowledge r egarding the metabolism of exogenously 
supplied ze tin and zeatin riboside in a var iety of plant 
tissues . The scheme is not a metabolic pathway in the 
true s ense as , in most cases , the intermediates which are 
probably form d between the supplied zeatin and the iden-
tified me tabol ites have not been characterised . However, 
in certain instances (e.g. metabolism of zeati n to 0-
glucosyldihydrozeati n riboside) the identity of likely 
intermediat scan be suggested. Also, it should be pointed 
out that th scheme represents a compilation of data from 
Fig. 5.1. Scheme summarising present knowledge of the 
metabolism of naturally occurring cytokinins in 
various plant tissues. Broken line indicates 
a reaction which probably occurs. Question mark 
indicates that the 3-glucoside of zeatin has not 
yet been identified. Abbreviations used: Z -
zeatin; ZR - zeatin riboside; ZR-5'-P0 4 -
zeatin riboside 5'-monophosphate ; Z-3, 7 or 9-
G - zeatin 3, 7 or 9- S-D-ylucopyranoside ; diHZ -
dihydrozeatin; diHZR - dihydrozeatin riboside; 
OGZ - Q- S-D-glucopyranosylzeatin; OGZR - 9- S-
D-ribofuranosyl-Q- 8-D-glucopyranosylzeatin; 
OGdiHZ - Q- S-D-glucopyranosyldihydrozeatin ; 
OGdiHZR - 9- S-D-ribofuranosyl-Q- S-D-glucopyran-
osyldihydrozeatin; Ad - adenine; Ados - aden-
osine; AMP - adenosine 5'-monophosphate; iP -
isopentenyladenine; iPA - isopentenyladenosine. 
l Lupinic Acid I 
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*New metabolites identified during the course of the work for this thesis are indicated by 
'boxing in'. 
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many different studies and some of the metabolites have 
been identified in only a single species or tissue. In 
addition, the identified metabolites are often the major 
products of cytokinin metabolism and thus, in any study, 
many minor metabolites will remain unknown. Furthermore, 
the relative levels of the metabolites detected may depend 
on factors such as species, tissue age, type of tissue and 
period of uptake of cytokinin and hence minor metabolites 
under one set of circumstances could be major metabolites 
under different circumstances . 
This point is aptly illustrated in studies of metabol-
ism in different species. Zeatin-7-glucoside (raphanatin) 
is the major metabolite of zeatin in de-rooted radish 
seedlings (Parker and Letham, 1973), whereas in the roots 
is the major metabolite (2.3.7.). Both these glucosides 
of corn seedlings, zeatin-9-glucoside~ are only minor 
metabolites in lupin seedlings (3.2.2.). Marked differ-
ences in metabolism are also evident in different tissues 
of the same species. In the roots of corn seedlings, 
zeatin 9-glucoside was the major metabolite detected and 
zeatin 7-glucoside was present as a very minor metabolite, 
but in de-rooted corn seedlings, zeatin 7-glucoside was 
detected as a minor metabolite and the 9-glucoside was not 
detected (see 2.3.1. and 2.3.2.). 
From Table 5.1 and Fig. 5.1 . it is evident that 9-
ribosides and riboside 5'-phosphates are very common meta-
bolites of cytokinins and results presented in this thesis 
support this view. Thus, zeatin nucleotides were detected 
in lupin seedlings and the roots of corn seedlings; 
- -
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adenine nucleotides were present in roots of corn seedlings, 
lupin seedlings and mature poplar leaves; zeatin riboside 
was detected in all three tissues. In Fig. 5.1. the 
question ot whether the S'-phosphates are formed by a 
single-step reaction or by a two-step reaction (i.e. ribo-
sylation followed by phosphorylation) is also raised. It 
is possible to prepare enzymically nucleoside S'-monophos-
phates from N6-substituted adenosines and ATP, the kinase 
activity required being present in both yeasts and higher 
plants (Doree and Terrine, 1973). These in vitro enzyme 
reactions suggest that cytokinin nucleotide biosynthesis 
from the free bases may be a two-step process involving 
first a nucleoside phosphorylase to yield a cytokinin ribo-
side and then a kinase to give a nucleotide. However in 
cells of Ace r pseudoplatanus at least, this does not 
appear to occur. In these cells the well established in 
vivo formation of cytokinin riboside S'-monophosphates 
from the corresponding bases appears to involve the direct 
transfer of a riboside S'-monophosphate group from 5-phos-
phoribosylpyrophosphate to the free cytokinin base cataly-
sed by a purine phosphoribosyltransferase. Cell extracts 
of Acer pseudoplatanus catalyse such a reaction from 
adenine, 6-methylaminopurine and 6-benzylaminopurine 
(Pethe-Sadorge et al., 1972; Doree and Guern, 1973). 
Thus, by analogy, a similar process could also result in 
the one-step formation of zeatin riboside 5'-monophosphate 
from zea tin. 
,-------· _ .. -------------------------------------------.. __ _ 
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The conversion of cytokinins and their ribosides to 
adenine and adenosine is also a common metabolic fate (see 
Fig. 5.1., Table 5.1). All of the species studied in this 
thesis were found to contain adenine and adenosine derived 
from the exogenously supplied cytokinin , but again their 
relative importance as metabolites appear to be linked to 
species and tissue type. Thus, they are minor metabolites 
of zeatin in poplar leaves, de-rooted seedlings of lupin 
and also radish (Parker and Letham, 1973) but major meta-
bolites in de-rooted corn seedlings. However, they are 
only minor metabolites of BAP when supplied to de-rooted 
corn seedlings (see below and Table 2.3). Enzymic activity 
capable of catalysing such reactions (isopentenyladenosine 
as substrate) has been found in crude preparations from 
tobacco tissue (Paces et al., 1971) . More recently, a 
similar enzyme has been purified from corn kernels which 
is speci f ic for the naturally occurring cytokinins zeatin 
riboside and isopentenyladenosine or their free bases 
(Whitty and Hall, 1974). This enzyme was found to require 
oxygen and hence was categorised as an oxidase. The oxi-
dase prepar tio n was isolated in company with a nucleoside 
hydrolyase. Detailed examination of the oxidase reaction 
revealed that isopentenyladenine was degraded to yield an 
aldehydic derivative of the side chain together with aden-
ine (Brownlee et al., 1974). 
As suggested in Fig. 5 .1. there is some evidence which 
indicates that zeatin riboside 5'-monophosphate may be the 
immediate precursor of zeatin 7-glucoside. Gordon et al. 
-- -
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(1974), in a study of zeatin metabolites in radish roots, 
provided evidence that soon after corrunencement of uptake 
the major metabolite detected was zeatin riboside 5'-mono-
phosphate _and that, with time, the level of this metabolite 
declined as that of zeatin 7-glucoside increased. Similar 
evidence has been presented by Fox et al. ( 19 7 3) based on 
studies of BAP metabolism involving several different 
tissues . This evidence is consistent with, but does not 
conclusively establish , the existence of a precursor-
product relationship between nucleotide and 7-glucoside. 
In many metabolism studies (see Table 5.1), the 
exogenously supplied hormone is the synthetic cytokinin, 
6-benzylaminopurine (BAP). In some species, the identity 
and relative levels of metabolites formed from BAP and 
zeatin are analogous. Thus, when supplied to radish 
seedlings both cytokinins are rapidly metabolized, possibly 
via nucleotides, to the 7-glucosides as the major stable 
products ( arker and Letham, 1973; Wilson et al., 1974; 
Gordon et al., 1974) . However, in contrast, the metabolism 
of these two cytokinins in Zea mays seedlings is markedly 
different. Zeatin is readily metabolized, being converted 
to zeatin 7-glucoside (9-glucoside a minor metabolite), 
nucleotides, adenine and adenosine in about equal amounts. 
On the other hand, BAP appeared to be much more stable 
than zeatin (approximately 20% extracted radioactivity 
identified as BAP, cf. <2% for zeatin) and was metabolized 
to a single major product, BAP-9-glucoside (2.3.6. and 
Table 2.3) . Also, adenine and adenosine were quite minor 
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metabolites of BAP (cf. zeatin) and this might be explained 
in t e rms of BAP being an unsuitable substrate for the oxi-
dase/hydro lyase complex discussed above. Overall, these 
results suggest that in the time course of the experiment 
(70 hours) the capability to metabolize BAP in the amounts 
supplied is lacking or non-functional in the corn seedlings. 
In the introduction to chapter 2, it was suggested that 
changes in the endogenous cytokinin level might constitute 
the principal hormonal regulatory mechanism in the leaves 
of the Gramineae. The results in this thesis indicate that 
metabolism to the 7- and 9-glucosides, adenine and adenosine 
is one mechanism by which endogenous cytokinin level may be 
regulate d. 
The zeatin-amino acid conjugate, lupinic acid, is 
unique among the conjugated metabolites because instead of 
being joined to a glycosidic group, zeatin is linked with 
an alanine moiety (see Fig. 5.1.). As will be discussed 
below, conjugation with an amino acid moiety is known to 
occur with auxins, but this is the first such cytokinin 
(purine) metabolite to be reported. There are several 
reports in the literature of enzyme activity capable of 
catalysing (in vitro) the addition of an alanine moiety 
to an N atom of a heterocyclic nucleus other than purine 
(see e.g. Murakoshi et al., 1975; Murakoshi et al., 1973; 
Ashworth et al., 1972). This activity has been purified 
from sources such a s watermelon, pea and sweet pea and in 
all cases the alanine substituent was derived from 0-
acetyl-L- serine; neither serine nor ~-phosphoserine could 
--- -
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serve as donors of the alanine moiety. Using a crude 
ac e tone powder preparation from lupin s eedlings , the author 
attempted the in vitro synthesis of lupinic a cid from 
[G- 3H]zeatin and ~-acetyl-L-serine. The data obtained 
suggested that the formation of lupinic acid had occurred, 
but in extremely small amounts. Hence the alanine moiety of 
lupinic acid is probably derived from ~-acetyl-serine. 
The in vitro biosynthesis of ribosides and nucleotides 
and its possible relationship to in vivo metabolism of 
cytokinins has been discussed above. Another common meta-
bolic fate of cytokinins is conjugation with glucose, such 
compounds being identified in all of the species studied 
in this thesis. In Zea mays roots, the 9-glucoside was 
the principal metabolite of zeatin. In addition, glucosy-
lation of the synthetic cytokinin, 6-benzylaminopurine, has 
also been r eported to occur widely (Fox et al., 1973). 
Little is known of the enzymes which catalyse these reac-
tions or the g lucose donors involved. The most likely 
candidate for the role of glucose donor is uridine diphos-
phate glucose (UDPG). In fact, recent studies in this 
laboratory (Letham and Wilson, unpublished data) have shown 
that UDPG can function as a glucose donor in the biosyn-
thesis of BAP-7-glucoside from BAP, using a crude cell-
fre e enzyme pr paration from radish. Less c onclusive 
evidence suggested that BAP-9-glucoside was also formed in 
much smaller mounts. Thus, it is possible that the 
zeatin-9-glucoside formed in roots of corn seedlings might 
also b e synthesised in vivo using UDPG as a glucose donor. 
--- --
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UDPG has already been reported to act as a glucose donor 
for the in vitro synthesis of the glucosides of the hetero-
cyclic compound, isoxazolinone, and its derivatives. The 
enzymes wh_ich catalysed these syntheses were contained in 
preparations from pea , sweet pea and watermelon (Murakoski 
et al ., 1975; Murakoski et al., 1974). 
The metabolites of cytokinins formed by animal tissues 
and the enzymes involved have also been studied. No doubt, 
a substantial impetus to this work was the discovery that 
cytokinin ribosides inhibit growth of animal tumour cells 
and induce remissions in human leukaemia patients. The 
metabolism of intravenously administered isopentenyl-
adenosine (radioactively labelled) in humans has been 
studied; identified metabolites included 6-~-(3-methyl-
3-hydroxybutylamino)purine, hypoxanthine and adenine. A 
large proportion of the radioactivity was excreted as non-
UV-absorbing compounds suggesting degradation of the 
purine moiety (Chheda and Mittelman, 1972). However, at 
the time of writing, there had been no reports of the 
identification in animal tissues of amino acid- or glucose-
cytokinin conjugates such as are now known to be formed in 
plant tissues. 
Metabolites formed by the conjugation of the supplied 
hormone with glucose or an amino acid moiety are not 
unique to cytokinins. The metabolism of auxins, gibberell-
ins and abscisic acid has been studied in various plant 
tissues; all three types of hormones form glucosides, 
and , in addition, auxins form amino acid conjugates. The 
----·--· ........ -----------------------------------------..... 
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auxin indole-3-acetic acid (IAA) has been shown to form a 
conjugate with aspartic acid, indole-3-acet y laspartic acid 
(IAA-Asp), in pea seedlings (Andreae and Good, 1955). The 
~ 
synthetic auxin, napthalene acetic acid, has also been 
. /I 
shown to form such a conjugate (Schraudolf, 1971). Also, 
a conjugate of IAA with lysine, indole-3-acetyl-L-lysine, 
has been identified in the culture medium of the bacterium, 
Pseudomonas savastanoi (Hutzinger and Kosuge, 1968). While 
these auxin metabolites are similar to the zeatin meta-
bolite, lupinic acid, in tha t they all involve conjugation 
with an amino acid moiety, the chemical nature of the 
linkage is quite different. In lupinic acid, the 8-carbon 
of the alanine moiety is joined to the purine ring at N9, 
whereas in the auxin metabolites, amino-acid amino groups 
are joined to the carbonyl group of the auxin in an amide 
linkage. The IAA-glucose conjugate, indole-3-acetyl- 8-D-
glucosyl-ester, identified independently as an auxin 
metabolite by Klambt (1961) and Zenk (1961) also differs 
chemically from its cytokinin counterparts in the nature 
of the linkage. The auxin metabolite is a glucosyl-ester 
but the cytokinin-glucose conjugates are the result of a 
s-linkage of the glucose to the nitrogen atom at the 3, 7 
or 9 positions of the purine ring or to the hydroxyl of 
the zeat i n side chain. Similarly, the abscisic acid (ABA)-
glucose conjugate, first identified in toma to fruits 
(M ilborrow, 1967), is also the result of a glucosyl-ester 
linkage to the ABA moiety. 
As yet, unlike auxins and cytokinins, no amino acid 
----·--· _ ... --------------------------------------.. -
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conjugates of gibberellins have been reported. However the 
gibberellins are known to be metabolized to form conjugates 
with glucose. Thus GA 8 -~(2)-S-D-glucopyranoside has been 
purified and identified from maturing fruits of Phaseolus 
coccineus (Schreiber et al., 1967, 1970), seeds of Pharbitis 
nil (Tamura et al., 1968) and apices of Althaea rosea 
(Harada and Yokota, 1970). Many such conjugates of the 
different gibberellins have now been reported. As in the 
case of the ~-glucosyl zeatin metabolites from lupin and 
poplar (this thesis: 3.3. and 4.3.), in some gibberellin 
metabolites the glucose moiety is linked to the oxygen of 
a hydroxyl group. However, as with IAA, the gibberellins 
are also metabolized to glucosyl-esters, the ester linkage 
being at the 7-COOH of the GA molecule. 
Thus, glucose conjugates are formed as metabolites 
from all four types of plant hormones when supplied exog-
enously to various plant species. However, glucosides of 
auxins, abscisic acid and gibberellins are all ~-glucosyl 
compounds in which the glucose engages a hydroxyl or car-
boxyl group of the hormone; this type of glucoside occurs 
commonly in plants. In contrast, cytokinins form purine 
~-glucosyl metabolites; these are structurally unique 
among natural products related to nucleic acids. They are 
the only known natural compounds in which a hexose sugar 
is linked to a purine or pyrimidine ring nitrogen. 
Although glucose is known to occur conjugated to other 
heterocyclic nitrogen atoms (e.g. the 2 position of 3-
isoxazolin-5-one), such compounds are extremely rare. 
--- -
136. 
5.4. CYTOKININ METABOLITES: PROPERTIES AND SIGNIFICANCE 
IN RELATION TO SOME PHYSIOLOGICAL PROBLEMS 
The studies of cytokinin metabolism reported in this 
thesis are not to be regarded as an end in themselves. 
Rather, it is hoped they will help in providing a chemical 
basis on which certain physiological studies relating to 
plant growth and development may be based. Studies of 
metabolism could, of course, lead in a more direct way to 
an understanding of important aspects of cytokinin bio-
chemistry and function. The above matters are briefly 
discussed in this section and the relevance of the results 
of this thesis to the solution of physiological problems 
involving cytokinins is assessed. 
The importance of metabolism studies in relation to 
storage forms of cytokinins has already been mentioned 
( see 1. 7 . ) . In many instances, the "bound" forms often 
referred to in the literature might ac tually be storage 
forms of cytokinins. These storage forms (probably 
inactive per se) may provide a physiological reserve of 
inactive (but readily activated) cytokinin which would be 
available to participate in regulation of developmental 
processes when required during different phases of the 
plant's life cycle. Purified aqueous extract s (inhibitors 
removed) prepared from the mesocarp of avocado fruits were 
a 
inactive inAcytokinin bioassay but activity appeared after 
acid hydrolysis (Gazit and Blumenfeld, 1970). In addition, 
the level of this bound cytokinin activity was found to 
vary with the stage of fruit development, being high in 
- -
137. 
young rapidly growing fruit and diminishing with the 
reduction in rate of fruit growth. Other plant organs in 
which bound cytokinins have been detected are the flower 
and the seed. Quite different levels of extractable cyto-
kinins were detected in pistillate and staminate flowers 
of cucumber; prior to acid hydrolysis, only the ethanolic 
extracts of pistillate flowers contained cytokinin activity, 
but following acid hydrolysis, the staminate flower 
extract also showed cytokinin activity (Borkowska and 
Borkowski, 1975). Variations in the endogenous levels of 
free and bound cytokinin activity have also been observed 
in apple seed during the period of stratification 
(Borkowska and Rudnicki, 1975). Most of the cytokinin 
activity of dry, non-stratified seed was present in the 
bound form, being detectable only after acid hydrolysis of 
the extract. After commencement of stratification, the 
level of this bound activity decreased initially, then 
returned almost to the initial level after 5 weeks and 
then finally again declined steadily until the completion 
of stratification. On the other hand, the level of free 
cytokinin, initially very low, showed a dramatic increase 
in the first 5 weeks of stratification after which the 
level also gradually declined (Borkowska and Rudnicki, 
1975). Although the above reports demonstrate the 
existence of bound cytokinins, no attempt at identification 
of the bound forms was made. However, Yoshida and Oritani 
(1972) have reported a bound cytokinin in rice plant roots 
and provided some evidence that it may be a zeatin 
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glucoside. 
Evidence for the existence of bound or storag e fonns 
of pl a nt hormones is not confined to the cytokinins (see 
5.3.). Gibberellin-glucose conjugates have been identified 
as metabolites of exogenously supplied gibberellins and 
have also been shown to occur naturally (see reviews by 
Lang, 1970 and Sembdner, 1975). The precise physiological 
role of bound gibberellins is still unclear, but there is 
evidence for two functions, namely, as storage and trans-
port forms. Evidence for their function as a storage form 
is mainly suggested by the interconversions between the 
free and bound forms during seed development and germination 
(Barends e et al., 1968). 
Abscisic acid, now generally regarded as a plant hor-
mone, is also known to occur naturally in a bound form, 
namely as a glucosyl-ester (see 5.3.). This glucosyl-
ester is also the major metabolite of exogenously supplied 
ABA in various species (e.g. Milborrow, 1970). The 
glucosyl-ester appears to be of importance in the regula-
tion of growth . Thus a recent report details seasonal 
changes in the levels of free and bound (probably the 
glucosyl-ester) abscisic acid in buds of blackcurrant and 
beech; the highest free/bound ratio occurred in the autwun 
and the highest bound to free ratio coincided with bud 
burst (Wright, 1975). In a rather more precise study 
concerning bud dormancy break in almond, Leshem et al. 
(1974) showed that successive stages of bud break mani-
fest a marked increaseof bound ABA, paralleled by a 
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decrease in endogenous levels of the free form. Each of the 
examples cited above serves to confirm that storage or 
bound forms of cytokinins, gibberellins and abscisic acid 
do have important physiological roles to play in conjunction 
with the free forms in plant growth and development. 
All of the new cytokinin metabolites possessing an N6 -
substituted adenine moiety identified in the studies repor-
ted herein are potentially storage forms, with the possible 
exception of the 3-glucoside of BAP (see appendix I). 
Zeatin 9-glucoside, the major root metabolite of zeatin in 
Zea mays seedlings, was still a major metabolite in root 
tissue 7 days after the supply of labelled zeatin had 
ceased. Similar persistence or stability had previously 
been observed for zeatin 7-glucoside (raphanatin), the 
major zeatin metabolite formed in cotyledons of de-rooted 
radish seedlings (Parker and Letham, 1973). The level of 
raphanatin was essentially undiminished 23 days after the 
zeatin had been supplied. Raphanatin was also detected in 
Zea mays seedlings and roots and both raphanatin and 
zeatin 9-glucoside were identified as metabolites of 
zeatin in de-rooted lupin seedlings and poplar leaves 
(3.3.2. and 4.3.2.). By analogy with their stability in 
radish and corn, these metabolites are probably also 
stable, long lived metabolites in the latter two species. 
Although raphanatin appeared highly stable in de-rooted 
radish seedlings, a very slight conversion to zeatin was 
detected whe n the labelled metabolite was supplied to 3-
day-old excised radish cotyledons (unpublished data). In 
----·-· --------------------------------------------.... 
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other studies not detailed herein the writer has obtained 
e vidence that raphanatin is synthesised in developing 
radish seed (Raphanus sativus cv. long scarlet). Young 
seed pods (1.0 cm long) were injected with a [ 3 H)zeatin 
solution and left to mature on the plant. On attaining 
maturity, the seed was harvested and either extracted as 
dry seed or allowed to germinate on moist filter paper in 
the dark for about 30 hours prior to extraction. Raphana-
tin and zeatin 9-glucoside were identified as metabolites 
in both extracts by chromatographic methods. They accoun-
ted for approximately 10% of the radioactivity present in 
the seed. Data derived from a single experiment indicated 
that the ratio of raphanatin to zeatin 9-glucoside in the 
dry and germinating seed differed considerably, the values 
being 7:1 and 3:1, respectively. The above observations 
support the view that raphanatin and zeatin 9-glucoside 
may be storage forms of zeatin in radish seed. 
The work of others in this laboratory has shown that 
exogenously supplied [ 3 H)BAP is rapidly metabolized by 
radish cotyledons and de-rooted seedlings (Wilson et al., 
1974). The 7- and 9-glucosides of BAP have been iden-
tified as the two major metabolites together with the 
recently identified 3-glucoside as a minor, but highly 
active, metabolite (Letham et al. , 197 5; see appendix ]) . 
Both the 7- and 9-glucosides of BAP were virtually un-
metabolized 30 hours after being supplied to de-rooted 
radish seedlings (via transpiration stream) and hence 
must be considered as very stable cytokinin metabolites 
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and potential storage forms. However, the 3-glucoside of 
BAP was quite unstable under similar conditions, being 
rapidly metabolized to BAP and to the 7- and 9-glucosides 
of BAP. 
The Q-glucosylzeatin and Q-glucosyldihydrozeatin group 
of metabolites are other potential storage forms of cyto-
kinins. It is possible that the presence of the glucose 
moiety on the side chain may protect the side chain from 
enzymic cleavage by cytokinin oxidase (Whitty and Hall, 
1974; Paces e t al., 1971). This oxidase activity, so far 
detected in t obacco and corn, was shown to be specific for 
the naturally occurring cytokinins isopentenyladenosine 
and zeatin riboside, degrading them to adenosine and aden-
ine. A ' bound ' form of cytokinin, purified from the roots 
of rice plants, has been tentatively identified as a 
zeatin glucoside (Yoshida and Oritani, 1972). The puri-
fied compound exhibited weak activity in the carrot callus 
growth assay, but a marked increase in activity was 
observed after acid hydrolysis or treatment with 8-gluco-
sidase. The active factor released by hydrolysis was 
chromatographically indistinguishable from zeatin . 
Studies in this laboratory have shown that the 7- and 9-
glucosides of both zeatin and BAP are not degraded by 8-
glucosidase whereas the Q-glucosyl metabolites of zeatin 
were susceptible to this enzyme. Therefore, it is very 
likely that the above bound cytokinin is Q-glucosylzeatin. 
Lupinic acid, the only metabolite reported herein 
possessing an intact zeatin moiety but lacking a conju-
I 
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gated sugar, could also be a storage form . It is only very 
weakly active in the radish bioassay, most of it remaining 
in the tissue unmetabolized while very minor conversion to 
zeatin was also detected. 
On the basis of stability and ability to be slowly 
converted to free cytokinin, most of the cytokinin meta-
bolites identified in this thesis could be considered as 
potential storage forms. The unequivocal chemical synth-
esis of all of them has now been achieved by colleagues in 
the Research School of Chemistry. Thus, the availability 
of these synthetic compounds will enable physiological 
studies to be conducted which will permit a better assess-
ment of them as storage fonns. 
It is evident from the contents of this thesis that 
exogenously supplied cytokinins are converted to a diver-
sity of metabolites with cytokinin activity. Thus, when 
zeatin riboside was supplied to poplar leaves, it was 
converted to four different metabolites all of which 
possessed an intact zeatin side chain which was Q-glucosy-
lated. All would be expected to exhibit cytokinin activity 
either per se or as a consequence of enzymic modification. 
Similarly, a highly active cytokinin such as zeatin could 
be active per~ or a metabolite could be the active or 
functional form. The recognition of the active form or 
forms of cytokinins is essential for the elucidation of 
their mechanism of action . The identification of cytokinin 
metabolite s is obviously of great significance in this 
regard. In this context it is relevant to note some 
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studies involving animal systems. For example, it has been 
established that the biologically significant form of vita-
min o 3 , which is involved inter alia in bone calcium mobil-
ization, is not the vitamin itself but a hydroxylated form 
(Johnson et al., 1975). Similarly, studies with the potent 
carcinogen aflatoxin Bl have indicated that a metabolite of 
this substance is the immediately active carcinogenic agent 
(Masri et al., 1974). 
At this point, it is appropriate to consider what basic 
criteria may be applied to assess the possibility that a 
compound is an 'active form' of a hormone. Firstly, the 
active form(s) should exhibit high activity in bioassays 
peculiar to the hormone. Secondly, the active form should 
be a short-lived (i.e. metabolically unstable) form of the 
hormone. Ready susceptibility to in vivo enzymic degrada-
tion is necessary to allow fine control of hormonally 
stimulated processes by 'switching off'. Thirdly, if a 
suspected active form of a hormone could be shown to 
stimulate a defined in vitro system (e.g. a protein or RNA 
synthesising system) then this could be taken as evidence 
for this form being the active form. In such a system, 
modification of the supplied hormone would be very 
unlikely. Fourthly, use could be made of 'transfer' 
experiments based on a bioassay system. In these a plant 
organ or tissue would be allowed to metabolize an exogen-
ously supplied labelled hormone for a short time and then 
transferred to a hormone-free medium. In such an experi-
ment, the levels of the various metabolites c o uld be 
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monitored. If the level of a particular metabolite was 
found to decrease after transfer and this decrease was 
correlated with a falling off in the rate of the response 
being monitored (e.g. growth), then this metabolite could 
be an active form of the hormone. 
None of the new metabolites reported in this thesis 
have been shown to fulfil all of the above criteria, but 
the 3-glucoside of BAP does satisfy the first two. In the 
radish cotyledon bioassay this metabolite is as active as 
BAP itself (see appendix I). When labelled 3-glucoside 
was supplied to 3-day-old excised radish cotyledons it 
was rapidly metabolized . Within 24 hours, 90% of the 
supplied radioactivity was detected in the 7- and 9-gluco-
sides of BAP and some free BAP was al so detected (Letham, 
unpublished data). These results strongly suggest that 
the 3-glucoside of BAP may be functionally important and 
work is in hand in this laboratory to further assess this 
possibility. 
The retardation of senescence in attached and detached 
leaves and also leaf discs by exogenously supplied cyto-
kinin is well documented and indicates an important role 
for cytokinins in the control of this complex physiological 
process. Proteolysis, RNA and chlorophyll degradation, 
all of which are associated with the process of leaf senes-
cence, are known to be inhibited by cytokinins. The 
contribution which the results of this thesis make to our 
understanding of the regulation of leaf senescence is 
briefly discussed below. 
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Variations with leaf age in the composition of a 
naturally occurring cytokinin complex in poplar leaves have 
been reported (Hewett and Wareing, 1973b) and discussed 
previously (4.1.). These variations in cytokinin content 
could be a consequence of differences in the metabolism of 
cytokinins in senescing leaves compared with non-senescent 
leaves. Evidence to support this view was obtained in 
comparative studies of the metabolism of labelled zeatin 
riboside in senescing and non-senescing leaves of Populus 
nigra var. italica (see 4.3.4.). A marked difference in 
the major metabolites formed in the two sorts of leaves 
was detected. ~-glucosylzeatin riboside and ~-glucosyldi-
hydrozeatin riboside were the major metabolites in green 
leaves whereas the free bases ~-glucosylzeatin and 0-
glucosyldihydrozeatin were the major metabolites in yellow 
senescing leaves. These results clearly demonstrate 
differences in metabolism which could be of significance 
to an understanding of the process of senescence. 
Lupinus angustifolius, the species of lupin used in 
the metabolism studies reported in chapter 3, is a species 
of plant in which the phenomenon of sequential senescence 
is readily observed. Under the glasshouse conditions used 
in this study, plants approximately 20 days old were 
beginning to exhibit fully senescent leaves at the stern 
base. Now that a range of zeatin metabolites in this 
species have been identified (chapter 3) it would appear 
to be the ideal plant in which to pursue studies concerning 
cytokinin involvement in sequential senescence and 
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abscission. Sequential senescence is thought to result 
from the inability of the older leaves (near the base) to 
compete effectively for nutrients exported from the root. 
Locally applied cytokinins are, however, known to be able 
to create a 'sink' effect at the site of application which 
results in delayed senescence in this region. In the in-
tact plant, the older leaves may not receive adequate 
cytokinin from the root, or these leaves may convert cyto-
kinin into weakly active or inactive forms (in lupin one 
of these might be lupinic acid). As a result the older 
lupin leaves may not compete effectively for essential 
nutrients. Based on the knowledge of cytokinin metabolites 
formed in lupins and reported in this thesis, it should 
now be possible to assess these possibilities by studies 
of cytokinin translocation and metabolism in mature plants. 
The amino acid-zeatin conjugate (lupinic acid) was 
identified as a major metabolite in the leaves of de-
rooted lupin seedlings. The functional significance of 
lupinic acid is as yet unknown, but the metabolite is of 
interest in connection with the antagonisms between kine-
tin and certain amino acids reported by Shibaoka and 
Thirnann (1970). These workers found that the yellowing 
(senescence) of oat leaf segments in a cytokinin bioassay 
was promoted by the amino acid, L-serine, and to a lesser 
extent by L-cysteine and L-alanine. The L-serine 
(supplied at 30 rnM) promotion of senescence counteracted 
the chlorophyll retention which was normally prolonged by 
kinetin (10- 7 M) and other cytokinins. It was suggested 
-- ...-
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that serine acts, in some way, to promote proteolysis 
whereas kinetin acts not by actually stimulating general 
protein synthesis but by inhibiting protein degradation. 
At concentrations which promote chlorophyll retention, 
kinetin also inhibits the rise in ribonuclease levels in 
senescing oat leaves and this is completely reversed by 
simultaneously supplying serine; serine supplied alone to 
such leaves did not promote ribonuclease levels above 
those of control leaves. These authors propose that even 
though serine does not promote ribonuclease levels, the 
fact thatit reverses kinetin inhibition of the rise in 
ribonuclease suggests it may have the same action in 
untreated leaves by way of endogenous cytokinins. In the 
light of the purification and identification of lupinic 
acid, an alternative explanation of these results can be 
suggested. Serine as its ~ -acetyl derivative, is very 
probably the donor of the alanine moiety in lupinic acid 
( see 5. 3. ) . Hence serine, when supplied in very high and 
unphysiological concentrations, probably combines with 
all free kinetin to form the amino acid-kinetin analogue 
of lupinic acid which would be relatively inactive. This 
would allow ribonuclease levels to rise, proteolysis to 
increase and other symptoms of senescence to become 
obvious; all the effects of serine may be interpreted as 
being the results of its inactivation of the cytokinin. 
The ability of cytokinins to delay senescence is the 
basis for several cytokinin bioassays. In particular, 
species of the Gramineae (e.g. barley) have fo und favour 
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in this regard (see 2.1.). These assays are conunonly used 
because of the short period between setting up the assay 
and obtaining the result. However, these assays generally 
suffer from one drawback; in contrast to their relative 
activities in growth assays, synthetic cytokinins such as 
BAP and kinetin exhibit markedly greater activity than the 
naturally occurring cytokinin zeatin (Letham, 1967a; 
Fawcett and Wright, 1968; Varga and Bruinsma, 1973). 
This has been observed with oat, wheat and Zea mays leaves. 
Comparative studies of zeatin and BAP metabolism in a 
graminaceous species (Zea mays) are reported in this 
thesis. BAP was found to be much less susceptible to meta-
bolism than zeatin. It formed only one major metabolite, 
the 9-glucoside, whereas zeatin was more extensively 
metabolized, a considerable portion being converted to 
adenine and adenosine. Probably this observed stability 
of BAP compared with the natural hormone is the basis for 
its greate r activity in the senescence assays. Zeatin 
could well be as active if it was able to persist in the 
tissue, but by being susceptible to the available degrada-
tive enzymes, it is rapidly removed and senescence allowed 
to occur. 
The studies of cytokinin metabolism reported in this 
thesis have resulted in the identification of a number of 
new cytokinin metabolites including some of unusual 
structure. Methods have been developed which enable the 
separation and chromatographic characterization of the 
- ....--
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metabolites. The chemical synthesis of these new metabo-
lites by co-workers has provided material for future 
physiological studies. While the results presented have 
made some .direct contribution to our knowledge of storage 
forms of cytokinins and possibly to regulation of leaf 
senescence, the most significant feature of the work 
reported is the chemical basis which is provided for a 
variety of worthwhile physiological studies. 
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\\ h0n tl,e cy t k'nin 6-benz) 1 min o purine \vas supplied to de-ro0t eJ rat.Ji sh 
se0Jilngs, Lh c principal metaboli tes formed were th e 7- and 9-gluco::;ides. Ho v-
e r ii:,· cyto 111 · 1 activity of th ese glucos1Jes was much less than t :.. of a 
min r n c l' liolit 0 • h1:, metabolite was purified (yield 550 µg from 40 600 
seed lmgs ), ide tifi ·d as 6-b nzylamino-3-p- D-glu copJ r:i.nosylpurin~ and ::;yn-
thcsiz d. t is the firs t compound with a glycosidic linbge at pos· tw n 3 of a 
purin • ring to i --: 1:;olated from a plant tissue. 
11 trodu ·tiun 
The p ywhormone zeat11 (6-( -1 -hJ·droxy-3-111 ·thylb l-/ ,w,.s-2· enyl-
uminoJpun. ,v J, a l' ·tukini , is uw known to be rapidly n ct ... l olizL·d it plant 
t1ssu s. The ,,rn c· pal rr. t.abo lil s identified a.re: 7-glucosy]z..;atin, 9-gl cosyl -
Zl·at11, Zl'~Llll nl, sid e, zcatir ri bosid 5'-mo 1ophu~pliute , ~rnd d1l ydrnzeatin 
(6-(4-hydroxy-3- 11 thy lbu tylnmi no)purine) and ib nboside and nbo:c. de 5' -
phosph, Li: j 1- (i ] . The sy nth e ti · cyL kinin , 6·benzylamin o purine, 1:, abo con-
vu-Led lo 7. :111d 9 ~lucosides ano to the ribosid e anJ riL0sid 5' -m onophos-
phat j '.2, - O j . \\'h ..: n G-ben zylaminopurin e is suppli d Lo <le-rooted radi h 
seedll gs , ti v pri ncipal mctaboli tes a rc the 7 · , nd 9.g[ cosidc:; [ 2 , ] . llo\\' l! \'er 
a mil ur .11dabolill' :\.hib iL :; ·ywkinin ac11vily mark e i i · gn.:a tt:r th~,n that of 
th 'St.: gluco:;1d ·s. · ·:.i use of thi~ high activi ty, ti · mt:LULuh tL' is of c.:on.,,·deral> e 
phy:;io logical int re t; it s isu lal101 a1 , ; ic.lentif1c ion ar deu.11 1.:d hueir,. 
• 1',,rl X \,J l 0wdun, .',I.e.. nd L,·,h~rn . I . $. (1 !J7 :,) Auo l. J. h •. nt f'hyswl., 11 p,e,.;. 
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Prepara tt011 o/ 6-/3ff} benzylaminopurine 
·-[ G-·1 HJ I3enzylam inopu r in (25 Ci / mo!) was 1)rcp.1.red by ,;Lirring 6- bcn-
zylam 1 purine with tri t ia ted water and a plaLinum catalys t under reflu x. The 
<.:rude produc t was freed from exchangeable 3 H and then purified by thin -layer 
chromatog1·aphy, by precipitation from an ac.:id soluL1on · s a result of pH 
adjus t.m e:nt to 7 .0 , and finally by crystallization from eLhan 1/ watcr. 
Upla l?e anc! e:rtraclion meth od:; 
ThL· roots w re excis d fro m 9-day-old radish Rapha111:; ;,a/iv ,s L. c . 
Long S ·, rlet) SC'edlin gs and t.h e cut ends of the hypocutyls were placed 111 
6-uenzybn it e,pu1in e solu tiun (for time:s and ·on ·cnmnions, see below). 
DL ring uptake of t.he cytokinin, the de-rooted seed lin gs wer plac:cd in a gentle 
air curren t at 23° C und er continuous weak flu oresc nt light (700 Ju,). For 
C.>..Lra tioi 1, t.he :,eecll'ngs were dropped into 80% methanol o r ethanol (8 ml per 
g of tis ic) · t G5 ° C, m aintained at this temperature fo r 4-5 min and then 
coo l d rap idly. ll o m ogeni zat1o n and filtration yielded an ex t rac t whi h ,, a, 
ev3p r Led u od r :1cuum . 
Iron 01ograpl11c ancl dectrophore ll method:; 
::,tlica ge l for io th analytical and preparative Lhin-lay,'r ·hrurn:uography 
\\:.t!> !ere.: · PF1 , 4 ; for preparation o f borate-impregnalL·d byc;r:;, tl e silicr. ge l 
va..~ mi.x d witl 0.05 l\1 lac B4 0 7 fo r spreading. Layers of DEAE-c:ellulose with 
a fluo res e nt imli ·ator [ 3] were spray d with 0 .05 I 'a_ B 0 7 a1 d allowed to 
<lry prior to us;; . Cellulose phosphate p per (Whatman P81) was eqL.ilibrated Lo 
pl-I 4.9 by washing exhaust1 ely with 1 l\1 ammonium phosphate (p lI 4.9) ancl 
thl·n wiih wa t, ·. Pap r e lectrophoresis was perfo rmed on \\'hat1 an 3 l\1M paper 
(25 V;c:m, 2 .5 h) held betw en m ta! plates main ta in eu a t 15 
Ullr;,iviolet-absorbing zones on chromatograms Wt;re located \v, Lh a shon-
wave ultruvi leL lamp. Zon •s from preparative thin-layer cchrumaLu!,;Tams wcrL' 
pac.:kvd intu , column anJ e luted with methanol/ Vlat ·r/acL·tic acicJ ( ·o : 20 : 1, 
by vol.). Eluent.s used to elut~ zon s for de terminatwn o f r, diu:ic.:t ·iLy ere: 
0 .2 M a ·e ti a ·id (silica gel layers), 0 .05 l\f 1a 1 HP0 4 (cellul o e pl osphate 
paper). ru d water (paper cl trophoretog1·ams). Dctc:rmination of radioactivity 
111 a liquid SL' intillati n spcctr m tcr and au to radiography uf thin-layer d ro-
mat hrt·am:, w re PL'rformed ru; "idailcd pre iously f 3 ] . 
Tl L' follo wing ·h rom alography :,o lv i, ts ( pro purL10ns liy v0 ) ,, ere used. 
, 11-buland/aceti · acid /water (1 2: 3: 5); B, n-l.Juta1 ol/1 -1 l\,l , fl ~ OH /water 
(G: 1 : :2, u ppC:'r phase); C, a ctone/water (4: l); D, 1,-buvll1ol ::.alL rated with 
waler; E, ethyl methy l keton /ac tic a ·id / water (16 : 1 : -1); F , ·h loro form / m '-
thanol (21 : l ); , ethanol/ wat r (2: 1 ) s tur ted wi th t\a 1 B 0 ,; H, 2-ethoxy-
eth:i.no l/wate \ 3 : 1) s' turateJ with aJ 134 0 7 • 
D el rm111uli'on of ma:;:; :;pec;tra 
:,pr c.:tn1 of un lerivatiz d compounds \\ l:' re rec orded by sol'd sampl probe 
inLrodu 'Lion into -ith er an AEl MS-902 ass sr,cc: trum' er or Varian H7 
ii strum nt ope rated at 70 e V. Trim ethy lsilyl (Mc 3 Si) d ' riv, Li\' es were pr"pa.red 
152. 
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b.y n•action in pyric.i11e wiLh Ju,gisll RC-2 (N,0-lJis Lr mdhyl::,ilyl)tritl 1oro-
acew11ide with 1 % trimethylc:J lorosilane) and the: ir spectra obtained by com-
bin ·Ll gas cl,romawgraphy-mas,; spec tromeny on a Varian MAT 111 system. 
Conditiorn, u st:d were: i'njcctor 280° C, glass column r,a:::kc•d with 2% OV-17 on 
80-100 Gas ·chrom Q progr;..mmed from 240 to 300"C, separator and line 
300 C. 
l:;o/alion of compound I 9, 
De-r O L ·d radish se;edl111g~ (40 600 , total we:ight -Ll kg) wer.: supplied 
with G-bcnzylaminopurine (0 12 ml'vl) for 24 hand exlractecl with 80% ethanol 
(see above). :\.n aq eo u s so uLJon (2 .5 I) of the wat~r-soluble fraction of th e 
evaporated extf:.tcl was shaken with four 2.5-1 olun es of water-saturated n-
bu tat ol. The n::,,J e obtair cd by evaporation of the ex.tn.ct m vacuo was 
dissol ed in wat •rand the solution (900 ml, pH adjusted to 3.0J was percolated 
througl a ·olumn of WI atman Pl cellulose pho,,phate !JOwder ( 420 g, ' H; 
form •quilibrated to pH 3.lJ which was washed with 0 .05 M acetic acid (3 l) 
followed liy \' t r (6 l) . The e uate obtamed by eluuon of the col mn with 
0.4 - l\1 ' II OH (10 1) wa::. evaporated and the residue su pcndcJ in 50% tha-
nol (50 ml). The suspension was centrif 1ged and th t: supernawnt pplied ro 30 
20 c 1 x. 20 ·m X 0.1 ·m lay ers of silica gel which we:re devL'loped \ ith solvent 
A. Th zones cont,nning compou nd 19 (RF 0.31) were eluted and r ·chromato-
graµhed un 20 of the above sihca gel byers u ing s l t:nl 13, each plate being 
d veluped three times. Compound 19 was evident as a VLl)' faint ultra iol et 
absorbll ~ zone (RF 0.29) which uavellc-J just in front of the intense zone of 
6 -bcnz} l· n i..10-7-gl co:;ylpurine (l(F 0.27). The zon es cunt:iinmg ·ompound 19 
were •lu tPJ and further pur fied by th in-layer chromatogr:iphy on silica gel 
u sing s0lvent . Th e eluate of the desired zone (Rr = 0 .71) was c aporated a1 d 
th , r:>siduc dis 'O lv •cl in wate r l 6 ml). The solution was shak n with th ree 6- ml 
vol mL·s of w ,1Le r-saturatecl 11-butanol and th cxtractcL'. frac:licJn was chromato-
graphcd 01 Schkicher and Schu 11 2040b pape, ( washed cx hu su ely with 20% 
~thanol) viLh s::>lv nt D (atrnosp her salurateJ with '.\H 3 ) . Tl e zone at RF 
0.54 w,.1:, d 1tcd ,vith 11nnol :inJ vaporate:d y1llding cl romawgraphically 
hon og ·nvot s compound 19, 550 µg. _ portion of LI e product ,vas c11·st:1llizcd 
from efh~h>l penolt:um yieldu g rystalln e cumpo nd 19, mic-ro me:l ting puint 
(Korlt:r apparatu::.) 252-25:3° . Th mass spt:ctrum 1s prc~ente:d m Fig. 1. 1, ss 
sp, · rum uf 1c.1 S1 d erivative (principal m/e valu es > 120 with relati e inten-
siti sin par ·n lhes•s): 675 ( I' , 0.1), 660 (0.3). 450 (6), ~ltiO (7). 298 t7), 271 
(8), 257 (Hi), 25-l (GJ, 2:32 (11), 22-l (l ). 218 (2G), 217 (GO), 20-1 (5), 191 
(7), 16 (10) , 1 --19 ( ), 147 t· 1), 129 (11); bas peak 73 (100). 
! Clll hydro/.) .,1, o/ c0n,po1111cJ 19 
CumpoU1 1d 19 (·10 µg) · nd O.G ~l trifh .. oroa"' ·tic · ..:icl (1 ml) ,,.: · Le· Led 
at 95° ' for :.l h. The solution was then ev:1porat<.:d ll. v· cuo ,end the: residue 
,; uliJectPd to thin-by r hromawgraphy on silt ·a gc· l ( olvent B) to detect 
-benzylamir 01: L rine. The m ·Laboli e was al::io hydrolyzec by sulµho1;ic Leid 
r ~in. ompu ind 19 (10 µg) wa5 dissolved in 0. 1 .M ac ·Li · UL'ic.l (0.10 ml) anJ 
the solutiun wa· stirr d wit! the ·ation-LX ·hange resit 1Zeo- K.rb 225 , P r-
mutiL SJ{ ' 1 -1, 11' form, 10 m g) l'o r 15 min. The ::.us 1.m,;10n w:is t 1~n heated· t 
l!..JJ . 
fj.J 
1 20 C (.n tucl:.ive ) for 1 h an I final ly C(;n trii'u g(;d. The SL JH:n:.ilanl wa.; cvapo-
rawd 01 a !>I 1ca gel ti in-layer and chromatographecl witn solvent E. The de el -
opcJ cl°1romatc., 0 ram was dried , p.l :.H.: cl in an atmo:;pher(; ( 01 ta ini g >IH ; to 
neutr l1Le m·e t; ...: aciJ, reclried, and final y sprayed 'Nil l a :,u\uuo, contai n ing 
gl COSL' oi...idase, perox 1 ase and J,3' -clim(·l11oxyl.J(·1 zid11 ,. to detect glu cose 
l J 11. Tl · proced ure readily d c tet:Lc:d 1 µg of glucose after thin-layer chromato-
grapl y. 
1Jydwlys1~; or ~on1pou11d 19 will! iluc:osiclase 
Compou1 d 19 ( bout 12 _1g) was dissolved in ac(;tale bJffer (0. 03 . ·!, pH 
5.3, GO µl ) cuntai1 in;,, almon d ,C-glucosidasc· (EC 3.2.1.21, sourcE:: S1gm:.i Cher:1i-
cal Co., 0.5 mg, 11 1) ;.. nd the sulutio n mc:u bated at 35 C for ·1 h . Th e hydro l-
yzc1te \\" s ev:.ipor:.1t.::J un to a silica gel byer an d c:hro m:.i to;raphed (sul ·e1 t E) to 
<let ct 6-b nzylan:inopunne . 
Sy 1uh es1s LI/ G-1,e ll.:y lu 111 i uu-:3-~-U-gl u c , µy ran u sy Ip l, mi .: 
G-B(•nzy l.1,~1 1,1vp rine (2 mm ol ) was rc:i.cted \\ 1tl t,-IJ -tl'trc1-0 -; n : t_ 1 lg1uco-
pyrano:;y l lirorni,le \2.4 mrnol) in 1\ ', N-dimetliyl f.mn:1nml..: (5 111 11 oL 1uo- for 
20 h an d an .il i,Jl,Ot or the very Jc1rk pro,.luct w:.is fraL t.Jn:..tl'Li by pn·p:11·:.liv,' 
ti i1,-lay(;r ,·lnum ., ogr..:phy on ::;1 ic,, gel (,,oh,c·nl FJ. TLL p·.n c1pa1 l,Jnd, ,1hic1 
w:,:, JLbL alJ1 > ,, ::1 \.'L'ak Lo ne o[ unreac t I G-h(; l zyLu n lio,1 ,rn e, wa.,, el uted w th 
ch lor form ,' . ,l:Lhanol (24 : 1 , v/v) and the e ·apurakd l' L aLL· (300 111g) c ry :,w.l -
Lze I frnm n~eth:.inul to y1l'l d 3)-D-t •tJ" -0-ac:et ·l6lu, ·opyranc:,y] -6-benLyl -
:im1110pu.- 1 1•. tr.L·lL111g po inl 205-20G" C (w conec tedJ. lie ultraviol.:t spect ra 
were aln O:,L 1 L' l1ti -~I to those or comµ ow d 19. rl\ 11 ' :,pec lrut 1 ( 100 :\!Hz, 
C- HCl, ): 8 ::>.33 :.nd 7. 67 (bo th singlet and ll--I ; purine r111g 11 ), '7.2j \s111glet, 
5ll , \ , 11 , - ), G . ..,U (duu\.Jlet, J= o.G Hz, 11-l , H1 1 ), ~.65- 5. 1 5 (mu 11µkt , 3 I-l. ; 
ll J•, H 1• , 11.1 1 ), .J.9-1 ( loublet of do uble t , J = 5.J and 1 S Hz, 2H, hE:nzy l 
nw1hyll'1w ), tJ .. , S-3 .90 \mulr.ipld, 3H, l-1 5 • .incl H (.' ), '.... . 1-2.0 (n tl ttplt:t, 91-l, 
.JL·L'ly l) , a11 1. ' .:, ppm (singlet, 3 11, a 'L.! Lyl). !\lass spcl'ln 101 (p rin ·1pal 111 '°c• valuE::, 
and re la liVL' 111Le1 sttil.!s): 555 (~1' . 32), 331 ,6), 22G \2'.?l, 225 \ ti:3), 22-J (-10), 
lGV (G:2J, 11 5 (G), 139 \o), 127 (20), 120 (1'1, 1) 5 ('i' J, 109 (5 5), 106 (41), 
103 (G), 97 ( 11 ), 91 53 J, 81 (9), G5 (lOJ , GO ( ' ) an 1 ,IJ l}OO). 
Th , ·h ·o matogT m zo n ' ( 1 Li mg) a\.Juv(; tha L of tliL' furq!omg · -bluco:,ide 
tetra; cL'La t1~ \ '.\~ the iso m ·ric ~l-p- D-tc tr- -0-· cdy 1;.!1 cupyr.rno :, ::, 1-G-bct zy l-
ami n punn l', ml.'l tin g point 1 -G-157° C (un c 1-r1•cll'd); \, . , 111. leOIJ (n ·utral, 
acidic nd ba:,ic ): 2i35-2 0 nm . The mass S(.J •cnum w:t:- almos t idl'nL cal to 
Lint or LhL• 3-g lucosiu e wtraacctul '. Trt.1Lme11t with meLl,anollc. ·1 ! 1 for 2 hat 
f om L ' mperi1l lll'l' yi1•1Lk J G-bcnL yiamino-9-µ-D -glu copy ra no ::.y lpuri t~..: . id entical 
L anc1 Lh c'nti ...:s·1mplc [ 2 ]. 
'!'realm ' 11t or the above 3-glt co:,id e wtraace t..i.te w ith methan0,1c , II ., fur 
2 J at ruu n L ·m peralure yi l'I ,J -b ,nzylamino-3)- 1J -glucopyranvsyl pum1e , 
mellin g po int ~ IH--:H9° C (u n ·orrect ,d); uitr:.iviole t sp,•dn ident1 ·al to th use 
of c0mpo un I 19. 1 la:,s spectrum (111 /e valu es,..... 90 and rd~ u 1: inie n:,1t1es ): 387 
(. ,J' , L1J , 2Gb (0.6 ), 267 (0 .3). 2 'G t0.2 ), ~54 \ 3.~), 2:2 ' ( l -11, 225 (~3) , 224 
(:18), 209 (3), 1 7 (3 ), 1-18 (10), 121 ( ), 1 :20 (19), 11 , (12), 106 (100), 104 
(·l) , 93 ( 7) , 91 (67). Th ·ompound v· s very slow ly hydr0ly Le<l by /3- but not 
-glu ·us1da!:>e. 
154. 
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Delectir)/1 o/ compound 19 /;y r111/d procedures 
Seedlings supplied wiLh 6-[ 3 H] benzylamino!-Jurine:: vue: <.:Xtract1.:d at 4cC. 
T' ,e l:!>-lract was evaporated at 25' C and an aqu(::Ou:, sol lic.,n of the n.:s idue was 
shaken with r,-butanol. The evaporaLed (25c C) extract was subjected to chro-
mato6rnpl y on cellulose phosphate paper ( ' H~ form) equilibr ted lo pH 4.9 
(:,o]v ·nL ter) and to pap r ele trophoresis (0.05 M acE:tate, pH 4.7). In these 
procedur ·:, , dvantage was taken of the difference in basic pK. between the 
3-glucosicJ e of 6-benzylaminopurine (pK" determin d spectrophotometrically 
at 20°C, 5.5G) and the 7- ru d 9-glucosides (probable pK~ values pprox. 3.2; 
see repon ·d pK~ values for 7- and 9-subsi,tuted ade, i.J ·s (12] ). This differ-
en ·e enabled tl e 3-glucoside to be readily separated frorr the 7- and 9-gluco-
sides by the n eihods mentioned. 
Results 
Th · mdabolite with higl cyto kmin activity wa, f1r:,t detected when 
6-[ 3 HJ b 1 z •laminopurine (60 µ'.\1) was supplied for 8 h to de-rooted radish 
s edlings wh1(;h wer then transfer ed to wale'· for 16 h. WI e,1 thE: extract, 
purified by butanol extracLion and elu tion from c-Pllu lo:,e phosphaLc (method 
simil:.i.r to th:n used in the isolation of con puund 19), was subJcctcd to two-
dim nsion:.tl thin-I, yer chromatography on silica gel, the mctauo lite was de-
tectable by autoracliography and under ultraviolet light and is designated com-
poUI d 19 ll Fig. 2. In this figu re, compo unds revealed by ultr violet light are 
numbered 1-19 and those identified arf: as fo!Io-ws: 3, 6-benzylaminop 1rine; 4, 
6-b..:nzylammo-9-gluco yranosylpurine; 5, adenosin ; 9, 6-b nzylamino-7-glu -
cosylpur inc; 20, 6-benzylamino-9-/3-D-ribofuranosylpurine. To separate com-
pound 19 (v ry faint spot) completely from compound 9 (intense spot), th e 
hr matobrram was d velop ct at least twi(;e in tl e secon dimension. Com-
pounds 3, 4, ~, 9, 10, 19 and 20 were labelled, and Lh~ rdative (;pm m these 
substances wen· (raJioaclivity in compound 9 bl~mg l:.1ken as 100) 11 , 41, 0.2, 
100, 3, 7 anJ :3, respective] •. Although compound 19 wa:, a ery minor metab-
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i· 1b, ~ - :\ l \\',1·d1 n ... n . siu n ,1 ::.itic1 iid thu ,-1 ... rt•r c.:hr .)1UJld,..r , lf r1 u f ~he 1r ., t: t. un .,j 1«J 1.s tJ ::. c~ ling CXLTJ C' l 
dt..tl'd 1r ,n. tl t:cU lusc phvs t a: c column. The chron1a~(11 ..rJ1n ~ . .s c..h.·, ... l< , Jt· d f1,sl ,,nh so vent A and 
U, i.: 1 \\1 l h ~c, l,\!nl B. The uni::,1n lS d e n o t~d l.>y the bJrred lin\! .i.nJ l!l l C,d vo:)1..· d Ly ~J} l 8 ; lhc sulv1..: .~t 
Lr.J ·, i..-LH: d 1 j cm fr, 111 the vnbi n in i:.ich L.hrccLioJ.. 
oil\(:, tnt: <·IL utt: uf 19 incl s.:ed a 1:,,1:owth incremu1l 111 the rad1 sl otyledo r. 
t' Ylvk1n 11, b oas:, ,l · [1 3 ) w· 1 ·h was gTeater than th ;,L L'\'Okt·d l~y thee uak:, of 
,:ompl, L.1 d~ 1 .1nd 9 ( the 9- a 1d 7-glu cosides) . T o i~olalc 19 in :rn ,ounts adc-
qL :ILL' ·ur ell :nical ·haracLPriza tion, 40 6 00 :;eed lir,gs supplied with 6-lienzyl-
u in op 1ri 1e we ·e c·x t.ra c.:tc . The purifi ,ct metabo li Le ·x hiliited the fo lowing 
I , valUl':, (/:, ot 19 /RF f ..id ·n osine ) on thin layus o f silica gl'l: 0.97 , 0 .77 
and o.r 3 \l'llll sol cnts A, 13, :in l E , rcspec:Live ly; o n · lluluSl.:' byers the RA 
value . wvre 2. i3 :..nJ 1. 33 wi th ,;ulvc:n ts Ban E, n:sp,' C:ll\'ely. 
l , Lhl· n, ::;::; spe ·trum of 19 ( Fig. 1 ), a w ak )eak :.i t 111 /e :3b7 \'.":.b Lltlrihut-
·il,l • t Lb: 1<,J, ·ub.r io n anJ a high re:,olt,uon mass me..1su rerr.en t C:,Wb islkd 
Lh ..? turn L la 1 ~ I-I_ 1 5 O ; found 387 .1544 ; 'i h H) 1 '; 0 5 require 
31)7.15..J:2J. I3L·ll) W m / e 2:..G, the mass sp ··ctrun r 'semllled th a t of 6-b nzyl -
mi1101 , L l'll <', the reaks at 1n ,, 14 , l_l , 120, 19 a11d ::l3 h<~ing cha.racten:,t1...: 
of.'•· -suln,L!LuL,'J ..iden ines [ 1 ·1) . TL ..: l.Jase peak (111,e lO GJ ..ind thr,t at m/e 91 
ar - :illril u1,d.Jk L J .he C0 IJ 5-C II 2 -Nll- fr:1gn e:nt ~tnd tu thu r(, pylium ion, 
r<' ~pl·nivvly. ThL'SL· olJ,; ,1-va ti uns suggested that c0rnput n L HJ w,L'> a o-bcnzyl-
..11 1111upuri1k-l1"xo,,p :, L gar cu1,JL,i.;ate . This ww; suppurted by Uw r,1:.i.,;s spe ·trum 
of Ult: J\1l' 1 :'.11 IL·ri ·;1Li \'L' of 19 which exhilJ1ted a very '.' l·ak mol.:t· 1b.r un peak 
:.il 111 , . G7 5 :u d :.in I'll · - "' ll 1 pe:tl · al GGO. ' I he peal· at 11 -'e ·150 was ::tLlributabJe 
LO a LL· tra -:-.l cJ S1 h 'xusyl fr · gm •nL iun formed with I hS Jf 01w l ydrogt:n whill: 
a sul;seq 0nt elimination of 1\1e 3 S10H from this sug..i.r molL'tY would y jelJ 
tht: n le 3GO ion. ·n P v ry prominent i L ..1L m /e ~1 7 l,\l t: 1 S1 - ]-!=CH-C H-
O ' 1M · ,) a 1J io1,s of m /e l ~~. 1·17, 1 ~] , 204, 2-1:~ .tnd 3u:, 111 the spec trum are 
c: h u.rac.:teri s ic o r ·:.i.rlwhydraL · '.\le 3 Si d.:nv :.t civ L:s [ 1 E, J. Tl e spL ct1 m of th 
TABLE! 
Si'EC':'R.'\L Ci I,\ I( A(. n.:H STICS OF COMPO U ' lJ l!J AND RELATED SUOS'l ANCE.S 
Solven l 
Eth..,1ul 
0 .4 M cL ha nul1t· NII 11 1 
0 .2 1 ctt1<iJHd 1c J(.;d.e ~ic .d 
0 . l M .tl L.l l)U!) JC\!LIC :lCld 
W a lcr , µ II 1 6 
Amdx J.nd >"min v.ilucs (nm)' 
Compo 1..1,<l l 9 
297 (:!51) 
297 (:!52) 
29 1'" (247) 
281!.:. (2 4:!) 
:!!!9 .. , (:!H.5) 
J-Bcn,yJ-6-bcnLy 1-
am inopunnc 
296 (2 5 2) 
:!!JG (2[>:!) 
290 ... (248) 
287 
287 
(2 4 3) 
(2 4 3) 
------------------
1: ~ 1111 n \ 1Ul':-. ~,,,.: 111 i>...i.n:nthl':,l!~. 
ShuulJl'r ,1 l :.! 8.· l 11111 
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Acid hyd r olysis 
prc,ducl o l 19 
270 (232) 
275 • • (241) 
27 •1 (23 4) 
"•' A c1< l1(H ol1tH\ c .iu~L·rl d h) 1h: rt.:. hrCJ1nH cfh.·cl. A,nJ.~ in i:thdnul pl ~ .~ccllc a.c,d 1/\ ma. , 1n l.'lhdnol ; 
l '.i!5 Jli<l l 3~, fur co ,npuun<l 1 9 ..1nd th ~ 3-bci 1'.) l co:npound, rc:-.pcct1,·ely. In a t.:u us sol l on 
(p l! c hJll bl' 7 7 10 I Li) lhc COrtCSJ)ond111g r J ll U !or 19 WJS 1 .3 7 . 
l\1c I i dl·ri :.ilivc of co mpound 19 was almost 1uent1cal to that ui the Me 3 S1 
derivative of 6-l>e1 zylamino-9-/3-D-glucopyranosylpur .ne . 
l ly<lrnly s1;, or cvrnpound 19 with acid yie lded a comp o c1rn.l whi~·h cxhib-
itl'd ~Pl' ctral ·l. racter :;tics tTable I) 1denlic,J to th ose of G-b,nzylami1 opurine 
and co-cl t'Om:ilogra:Jhed with -be11zylaminopur ine dt nng Lhin-iayer chro-
matography or, cdlulo e , silica g I and polyam1d . 1-lydruly~is wit h :1 pGlysty -
rene sulpho1. l' acid resin yi Id e c.I a sugar identified as .2 luc:osc using glucose 
ox1dasl'. 1'h L' glycu,,1di · linkage of compound 19 was de· ed by ~-glucu:;idase , 
but not by u-~lucos1dase; h o w 1e r, the rate of hydrolysis ·V'b '~ry "low rebtl\'e 
to 1.hat uf sal i ·i 1. Und,: r the h ydrolysi;; conditions used, :,ali,·111 was complekly 
hyd rolywd tu c -1. yc..lroxyh 1 zy l alco hol, but only abou t ~1<Y, uf c m u und 19 
was c..legradl'c..l Lo G-benzybmim,purine. 
Tli" ultraviolet sp,·cLra uf 19 res(•mbled lh C>s<: n·~()rc'c•,; for .\'i, .:~-cl:~ubs li-
Lutvd ;id,·1 i. ·~ 11 G J a11.J wlwn tl,t• ;,pl'c·u-a for 19 and :l-!Jl'!l. ~-l-G-IH'nLylamino -
p n1 e we1• · Ul tl'rn i,1e,l 111 th,· :,..inw sol ·nts, Lhl· sJwn.-,. , I .. ; ctc:ri~t i 'S wer0 
almu.,i. 1dv1 l,,·:d ('L.d 1le l ). Th,· a ,c, ve c,l,~,·nat10ns indic;.i ,. : '!· 1- cc mpou1 d 19 
w:1:,, G-1Jc•1it.yb1n111u-3-µ-glucu~ylpunn . Dun nb puper c·lL·c t:Lp11on· ., , 0.02G, 1 
ur:it ·, 1, l r ::>.~). 19 ·>..h11Jitl·d a \ 'l' l'Y iow molnlily vqu,d Le that 01 )-b,mz. l-
a:111110-~-,.,-D-glucopyrunos:,, lµurin , ancl markedly less Lh · n ti1al c," 6 -ben zyl-
aminu-~-!3- D-glucofura.w:;ylpunnc (molnlity of compounJ 1911~10hility of the 
~-glu ·of r:rno:, ide = 0.12). H 'nee ·om p un 19 appcur,,J to be a gL, ·opy r no-
siJe . 
To synll.es izc G-benzyL mino-3-,6- D-glucopyranosylpurir,,·, G-b •nzylam ino-
purine w:1:; r,':.tl· Led with u·D·L •tru-0-acetyl~lucopyr:mosyl liromid~ and th e 
maJOr prudu ·t deacctyl:ltcd in melhanolic . 'H 3 • When 3-i-,-D-tctru-U-:.icetylbl · 
·upyran o~y l-6-li L'l .1.ylu minopurin..: , Lhc intermedia t e in tl.l· synlhc 1::; of th' 
:.",-glu,;u:,1de, was he:.ited tn 250° for 20 min, a :.10% ·om •r,1011 lo 9-,J-D -Lctra-
0-acl'tyl~l ·o pyr:.u1-i,,yl- -bentylumi n o;)u rine uccurrl' l. Tlw synthetic 
~h1lu,· ,:;1,lc> .111d compound 1 ~ could n ol be Jistinb'U islwd liy 11~:, an ultrn-
v1,)le'. ~Jl " ·tr,t o r lly the m,tss sp' ·Lra o f their '.\le j S1 ,k• ·i\, .ll ·,-s . Th,'.' exhib ited 
1Lh1ti~:tl cyluk;ni1 · ,· Livity in Ll v ruLl sh c,,Lyled n C) ,nk·1,m li;oass:;y [l ;; J. Th (; 
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Fie. 3 . The cl1 s tr1buuon of radi oac liv1LY over a cellulose phospha lc P uJ)cr c h r.., maloi:,Jm (A) and a paper 
tiectrophorl;l u~ un (B) of extract of tddLSh seedings prepared ill -1 C. In /\, lhc !)Oht:nt w as water , ln U, 
I.he buffrr w,,, 0 05 M acetalc pH 4.7 . Marker compounds (loca t1on .ncl 1tJt<·cl by Larrccl lines) are the 3 -. 
7- .111cl !i·.:Juc0pyrdllOsidcs of 6-bcnzylammopurinc (3G, 7G a n cl !JG, rcsp c·cuvel y) ancJ !i-(3-amma propylJ· 
6·h cn1)· lam1nc,punnC' (AP B). In 8 , c1.rrow 1 d enotes Lh c origin Jl1d arrow 2 ui.diCJLC~ the lucauon of ...in 
indttat o r o i dt.·ctro,~ndosmotic n o w ~6·chloropunne nU CJ!)idt:). Had1t1.1 c u,•1t y 1n each 1. o nc is ex pressed d.S d 
perccntJg<· i the 10 LJ..I . 
two compounds cou ld nol be separated by thin-b yer ch romf tography on ct, l-
lulos ', silica gel, polyamide , borate-imprPgnaLed i11ca gel (sol ents G and II), o r 
borat ~-impr gnated DEAE- ellulose (so lvent H}. The boraLe systen s readily 
separate glu opyranosides from glu ofuran osides becau,-e of complex 1'orma-
ti n betw Pn borate and th' uncon slrained 5' ,6 '-dilJl group i1 ~ in the furuno-
sidcs. Funhcrmore th synthetic· 3-glucos ide and compound 19 were 1nd1slin-
bruishable by par er Pkctrophoresis (phosphate p l! 4.7, borate pH 9.2} and 
xhi b ilc• I Lh, same meltin g point, un altc·rc ·d by admixlure. Th e abo c• ,., ._, id cn ·c 
stabli sh 1 cl that o n pound 19 was 6- 1> •nz ylamin o-3 -i'.)-D-glucopyran osylµur in . 
To lin mate the possibility th I tlw 3-glucosiut> melaboliLC isolated could 
hav , b , ' n an artefact f rm ru by lh L'>..Lraction and fracl1onaLion procedures, a 
milder xlra ·lion of seedlings supplied w: Lh G-f 1-f I benzylaminopurine was per-
f rm I and fr tionation proc dur :, w,c..; wh i ·h did not in Ive acidic orb 1c 
onc.liLi ns. Chromawgraphy of lh r: bt La11ol fra nio n of lh c .:>.. tr:i. t (see Bx pcri-
m •ntal) n . llulos phosphate paper (Fig. 3A) anu paper electrop110r sis (Fig. 
158. 
G9 
3 U) buLh r,'Vl'a ll'd th .. t abo ut S% of th e lo t al radioacti vi ty 111oved wiLh added 
unlab •lJ 1·cl :1-glucoside. When Ll 1s radioaeLiv1Ly was eluL<·d frcJm bo t h sy:,tcm s 
and ·ul,j .:cted to lhrn- lay r chromatograph y on silica gel anJ cell ulose, all the 
radioactivity co-chromaLographed with auLhen Li c 3-glu cosid<'. Ji nee th e 6-ben-
zylammo-· ·/3-D -glueopyran osylpurine iso lated in crys tal ine fo rm is most un-
lik ly tu be an arLe fact formed during Lh e extrac:Lion and frac:Lionation. 
Discuss ion 
6-Be1 zylc1mino -3-/3-D-glu cc,p yra1 osylpurin e is the: f1r.,t (·ompound with a 
sugar t position 3 of a purin e moi e ty Lo be purified from a pl:.tnt. Only two 
co mpo u1 Js of ti is ty pe have pr iously been isolated frum na tural :;ources ; 
the e are: 3-riiJoft ran osy luri c acid and th e co n-cspondng 5'-pho:,phate both 
obta in ed from beef blood [17,1 8 ] . Ho vever, certain purified pyrimidine nu-
cleoside phospi o rylases are capable of formi ng other 3-iibo sylpurines. Thus 
pu rified thy miJ in phosph o rylas and uridine phospl uryla:,e ca talyze t 1e for-
mati o n of 3-t'.2'-deoxyribosyl)µunncs anJ 3-ribosyl purin E·s, res pec t ive ly, from 
xanthine or · ' 1tain o f iLs d envaLives and the cu rrespond in g pentose 1-phos-
phate [ 1 9 J . .-\ lLhou gl 3-ribo::.ylation of p uri nes is known, 3- ribo:,ylatio n of 
6-IJenzylaminu•)ur,ne Jid not u1 ,1war to occur in radbl s< pcJ lin~s. Th u 6-bL·n -
zy lam i.no-3-nuosyl pur:1 e would be L'xpe:clcd to c..:o -elt•clropho rese wiLh the 
3-glueu:, id 1: a t pl! 4.7 (acc taLC'J; hu vev r , th e rat ioactivity in raJ 'sh ex tr c t 
vhich mo •vu wit! LI. 3-gllJ osidc m a rk t· r du rin g papL,r ,Jec Lropl orc:,is (Fig. 
3 8) wa" en irely due to this compound . 
Tl , ~1-glt coside uf -lwn zylamin opurin differ:, frum the 7- and 9-glucosyl 
m tabolile~ in t" o properties. Firstly, the c Lok in in activny of the 3-glucoside 
markedly ex ·ecded tha t of th 7- and 9 -glucosides. In th , radish cotyledon 
assay, the luwl's i detc .table conec:ntration o f the 7- and 9-glucu:,y l metabolites 
was ahouL 1 µI'd, while th e 3-glucoside was still ac:tiv · at 0.02 µr-L Al, this 
conee nrmi n 1t w,Js slightly more a ·Live than 6-bcnzylami1 opur i1 ..:, bu t th e 
two co mpounds induced identical gro wth inerement over th c:011 ·entration 
rang 0.1-tl µM. S ·ond ly , the 3-gluco::.icl e: \•.:a::. hydroly zed slowly by almond 
µ-g lu cosidasl) wh ereas th 7- an d 9-glucosyl metabolites\ ere not hydrolyzed at 
a dek ·tahle rak by ith r u- or i'.3-g lu co::. idasL· . 
obac..:co callm tissue has l.Je n cultured in the p resL· 1ce of laudled G-ben-
zylaminopurine and a pap r ·hro i a togram of the lbSUl' extracts wa:, assayed 
fo r cytokit in a ·tiv1ty [7 j . T l c activity asso ·iated wi th th e zone contammg th e 
7-gluc osicJe vv·;1s attributed entirely Lo Lh,s ·om pound. Be ·ause the .1-gluco!:,ide 
is markedly m o re ac t i 1c Lhan the 7-glu cosiJ , and sin e these ·o rnpo unds ex-
hibit very simili.r ·m omaLographic properties 0 1 cellulose, Lhe above con lu-
sion f 71 r q ui.r s rL' ss ssment. 
T l,· 11 1:tSs spc•ctrum of Lhc '1e J Si dem·a ti e of 6-lienzylammo-3-,.>-D-glL co-
py ranosy lp .1rin ' was virtually id ntic l Lo Lhat of th e 1P 1 St denvati e o f 6-ben-
zyla mino-9-µ-D-glucop yrano ylpurin<.' (spe ·tra obtained by combined gas chro-
maLogr: phy-n ass :,p •cLromctry). ' his appears l o be a ·oml' quenee of thermal 
reanan1~l·nw11t of th , :3-glucos1de d rivative tu the 9-gl 1cusiue derivative . An 
analogous t hermal rear ·ang menL involving the corr sponding tetraac tates was 
mentioned in R suits. These ar LI c first reported rearrangem nls of 3-substi-
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LuLetl /1.' 0 -alkyladeni1 es to 9-subsLituted co mpe,u nds. The presence of an N
6
• 
acyl f.'roup was previow,ly regard ed as essential for th e transfe r of a su bstiLuent 
from th 3 to th e 9 position f 20]. For example the r arrangemc1 t of 3-alkyl 
and 3-n bo~yl derivatives of 6-b nzamidopurine to 9-substituted derivatives has 
been reported previously [21-23]. 
So me evidence suggests that th e 7-glu cosides of cytokinins are stable 
m eta bolites and may be storage forms [ 3 ] , but th ere is no info rmation a t 
pr sent <" One;erning the stability and physiological significance o f the 3-gluco-
side of G-L cnzylaminopurine. An investi ga tion Lo provide such information 
would i1 volve assessment of the level o f la belled 3-glucoside in plant tissue and 
this co uld be readil y achieved by meth ods d escribed herein, nam ely chromato-
graphy on cellulose phosphate paper ( Fig. 3A) and papPr elec t rophoresis ( Fig. 
3B). Be ·aus of the high cyiok"ni n activ ity of the 3-gl coside , it is a m~tabolite 
which mer · ts further physiological study. 
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